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T:: C-E Unit, shown at the right, is one of 
three duplicate steam generating units now 
in process of fabrication for the new Albany 





Station of the Niagara Mohawk Power Cor- 











poration. 




















Each of these units will serve a 100,000 kw 


























turbine generator operating at a throttle pres- 




















sure of 1450 psi and a temperature of 1000 F, 
reheated to 1000 F. 
The units are of the radiant type with a re- 
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The furnaces are fully water cooled, using I i ey oh A OW ib 








closely spaced plain tubes throughout. They 
are of the basket-bottom type, discharging to 
sluicing ash hoppers. 











Pulverized coal firing is employed, using 








bow! mills and vertically-adjustable, tangen- 











tial burners. B-516 
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CO PES Applied to Hydraulic Couplings 


GIVES PRECISE FEED AND LEVEL CONTROL 


at PLANT YATES of ceorcia power COMPANY 


Remarkably close feed-flow and water-level control is 
being demonstrated daily by the COPES Balanced 
Flow Control at Plant Yates of Georgia Power Com- 
pany, Newnan, Georgia. Units 1 and 2 went into 
service late in 1950. : 

Each unit includes a 3-drum, dry-bottom, radiant- 
type Combustion Engineering-Superheater boiler de- 
signed for a maximum continuous rating of 975,000 
pounds per hour. Loads have been carried as high 
as 1,050,000—as low as 250,000—pounds per hour. 

The COPES Control, applied through the hydraulic 
couplings of the feed pumps, matches feed flow 
almost perfectly to steam flow, and stabilizes water 
level within plus-or-minus one inch. Independent of 
meters and other controls, it can remain on full- 
automatic when they must be out of service for any 
reason. Duplicating COPES Control is on order for 
Unit 3, scheduled to start operation next winter. For 
complete data on COPES Balanced Flow at this 
utility write for Bulletin No. 489. 


NORTHERN EQUIPMENT DIVISION 


Continental Foundry & Machine Company 
126 GROVE DRIVE, ERIE, PENNSYLVANIA 























Schematic shows COPES Balanced Flow Control installed for 
each boiler at Plant Yates. Responsive to three influences steam 
flow, feed flow and water level—COPES applies air impulses 
to position individual controller for the hydraulic coupling of each 
motor driven pump. Two pumps are normally paralleled, with 
third on standby, but any pump can be cut in or out by pushing 
the button to start or stop its motor. 

Feed valve is normally wide open, but can be cut into automatic 
service at any time. 

COPES Minimum Flow Control protects the pumps against over- 
heating on light loads. 


Headquarters for Feed Water Regulators - Pump Governors « Differential Valves 


* Level Controls + Hi-Low Alarms 
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(A) COPES Recirculating 
Valve used with the Minimum 
Flow Control System to pro- 
tect the pumps on light loads. 


(B) Air impulses from the 
COPES Balanced Flow Con- 
trol actuate this controller on 
the hydraulic coupling to con- 
trol the speed of each boiler 
feed pump. 


Reducing Valves + Desuperheaters 


(D) The COPES Balanced 


(C) The COPES Feed Valve, 
installed in a vertical line, is 
normally wide open but may 
quickly be placed on fully- 
automatic, if and when this is 
desired. 


Flow Thermostat has steam- 
flow and water-level elements 
mounted rigidly on the frame 
of the water-level element. It 
is rugged. 
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Metallic Sodium Finds New Uses 


In connection with the future development of nuclear 
energy for the generation of power there have been a 
number of reports proposing that metals in the liquid 
state be used as a means of heat transfer. Now comes an 
announcement by the General Electric Company that, 
as a part of research carried out for a submarine 
intermediate reactor power plant, liquid sodium has 
proved to be a practical heat-transfer medium. 

By comparison to water, sodium has the advantages 
of low pressure at high temperature and superior heat- 
transfer properties. Thus it is well adapted as a means 
of removing heat from a nuclear power reactor and trans- 
ferring it to steam for driving a turbine. 

But this is not all that has been accomplished with 
sodium in the liquid state. An electromagnetic pump has 
been developed and utilizes the metallic properties of 
liquid sodium in a manner similar in principle to the 
induction motor. One difference is that the electro- 
magnetic forces are exerted on the sodium in a duct rather 
than on a conventional rotor. This type of pump is use- 
ful with radioactive fluids as it avoids possibility of leak- 
age through seals and has no moving parts which may 
require service. 

For many years metallic sodium was pretty much of a 
laboratory curiosity. To those who remember it pri- 
marily from demonstration lectures in elementary 
chemistry these new uses will seem even more of a won- 
der than its spectacular reactions with water. 


Conference on Underground Coal 
Gasification 


The United States Government will be host to the first 
International Conference on Underground Gasification 
of Coal on February 12-14, under the joint sponsorship 
of the Bureau of Mines and the Alabama Power Com- 
pany. The three-day meeting will be held in Birming- 
ham and Gorgas, Alabama, with sessions at the former 
place for the presentation of papers and discussion, and 
on-the-site inspections at the latter place where the third 
cooperative experiment on underground gasification of 
coal is now in progress. Taking part in the Conference 
will be a number of European scientists and experts in 
this field who are being brought over under the ECA 
Technical Assistance Program. 

It will be recalled that the subject of underground coal 
gasification was first brought to the attention of Ameri- 
can engineers some twenty years ago through reports in 
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the technical press of experiments being conducted in 
Russia. Although that was before the days of the Iron 
Curtain, even then detailed information was lacking. 
In the interim, particularly since World War II, other 
experiments have been carried on in Belgium, France, 
French Morocco, Italy, the United Kingdom and the 
United States, and much information has been gained. 

In general, the object has been to make use of coal 
which, because of thin seams or poor quality, would be 
uneconomical to mine. The reaction may be likened to 
that in a gas producer with the resulting gas becoming 
available for the production of synthetic liquid fuels or 
for the generation of power through the medium of steam 
or gas turbines. In fact, during the second experiment at 
Gorgas, gas from the burning coal operated two gas tur- 
bines for more than a hundred hours. Obviously, it is 
desirable to use this gas at or near its source. 

Conditions differ somewhat in the several countries 
mentioned and a number of problems have been encoun- 
tered, but an opportunity for the first-hand exchange of 
ideas and experiences, such as will be afforded by the 
forthcoming conference, should expedite the solution of 
such problems as remain. 


Graphitization of Welded Joints 


Much research and investigation has been directed 
toward the problem of graphitization since the failure of 
a welded joint at the Springdale Station of the West 
Penn Power Company in 1943. Elsewhere in this issue 
the program of The Detroit Edison Company to sample, 
examine and rehabilitate welded joints in high-tempera- 
ture steam piping is described. Although the cost of re- 
welding and heat treatment is now probably in excess of 
$1000 per joint, this may be small by comparison to 
unscheduled crippling of generating capacity. 

Graphitization continues to be a baffling problem in 
that it does not always occur in similar materials at the 
time predicted by taking into consideration length of 
service and temperatures of exposure. By taking preven- 
tive measures, the risk of failure due to graphitization 
may be greatly reduced. However, in the program de- 
scribed it is noted that the useful life of the welds and 
piping is sacrificed in the interest of safety. Thus many 
of the piping systems will have to be replaced at a date 
earlier than contemplated in their original design. 

It is reassuring to know that The Detroit Edison 
Company has developed an effective program to detect 
signs of graphitization along with suitable corrective 
procedures. 





Looking Back Over 1951 


‘HE year just passed saw a vast expansion in pro- 

duction, covering both civilian and defense require- 

ments which, according to the U. S. Department of 
Commerce, represented an increase of about 8 per cent 
over that of 1950. This was reflected in a greatly in- 
creased demand for electric energy which accounted for 
some 370 billion kilowatt-hours being generated by the 
electric power industry plus an estimated 60 billion 
produced by private industrial power plants for their 
own use. Over 73 per cent of that generated by central 
stations was produced by fuel, and the total output ex- 
ceeded that of 1950 by about 13 per cent. 

The peak utility demand reached nearly 70 million 
kilowatts whereas the total central station capability 
at the end of 1951 was around 78 million kilowatts, 
according to the Edison Electric Institute. Reserve 
margins were very small in some sections, notably the 
Pacific Northwest and some sections of the Southwest. 

Approximately 7'/2 million kilowatts of central station 
capacity were added during the year, which figure would 
have been greater had not lack of materials cut into 
scheduled deliveries. This applied not only to major 
units but to auxiliary equipment as well. Additions 
scheduled for 1952 exceed ten million kilowatts although, 
here again, the continuing materials situation is likely 
to necessitate further rescheduling with a consequent 
reduction in gross reserve margins well under the figure 
previously anticipated for 1952. 

Steam capacity of more than 25 million kilowatts and 
hydro capacity of around 5'/2 million kilowatts are now 
on order for delivery before the end of 1953, the largest 
percentage increase being in the South Central region of 
country. 

In the industrial power plant field the greatest activity 
in the way of increased installed capacity is in basic lines 
such as steel, copper, aluminum, oil, etc., where there 
is a marked trend toward units of larger size. Over 1'/2 
million kilowatts capacity is said to be on order for such 
plants. 


Defense Projects 


To meet specific defense requirements for large blocks 
of power several projects were undertaken. Notable 
among these was the organization of Electric Energy, 
Inc., by five utility companies to build and operate a 
power station of 652,000 kw initial capability near Joppa, 
Ill. This will contain four reheat units operating at 
1925 psi, 1055 F and supply half the power requirements 
of a huge atomic energy plant, the other half of which will 
be supplied with power by TVA. The latter now has 
1,800,000 kw on order for installation in three new steam 
power stations besides having recently placed in service 
the first units of its new 750,000 kw Johnsonville steam 
plant. 

A most unusual defense installation is that of Henry 
Kaiser’s new aluminum plant in Louisiana containing 
eighty 1820-hp gas engines of the radial type running on 
natural gas. 

Continual improvement was shown in the average net 
fuel consumption per kilowatt-hour of utility plants in 
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the United States, the figure having decreased during 
the year from 1.19 to 1.13. The Schiller Station of the 
Public Service Company of New Hampshire, which 
employs a combination mercury-steam cycle reported 
9133.7 Btu per net kwhr. The Dunkirk Station of the 
Niagara Mohawk Power Corporation reported monthly 
net station heat rates as low as 9440 Btu per kwhr. 


Large Units Predominate 


Realization that large units mean lower investment 
costs per kilowatt, as well as lower operating costs, is 
responsible for the adoption of a number of units of 
150,000 and 200,000 kw in some of the new plants now 
under construction. Among those of the latter size now 
on order are two each for the new Kanawha and Muskin- 
gum Stations of the American Gas and Electric System, 
two for the new Colbert Station of TVA and one for the 
Cromby Station of the Philadelphia Electric Company. 
These are all initial installations in plants laid out for 
several units of such size. 

The arrangement of one steam generating unit per 
turbine has become general practice in most of the new 
installations, as well as widespread adoption of the reheat 
cycle which has justified itself through increased thermal 
efficiency and simplicity of operation for units of 60,000 
kw and over. This was borne out by a group of nine 
papers at the 1951 Annual ASME Meeting relating to 
reheat performance and experience, all of which were 
most favorable. In fact, one turbine manufacturer is 
authority for the statement that reheat accounted for 
nearly a third of the capacity shipped last year and will 
be employed in about two-thirds of the 3600-rpm turbine 
capacity to be shipped in 1952 and 1953. 

Steam conditions for the very large units installed 
and ordered during 1951 range from 1670 to 2650 psi 
with 1000/1000 to 1100 F temperature, whereas at least 
a fifth of the total capacity installed last year was for 
pressures in excess of 1450 psi. The highest initial tem- 
perature of 1100 F will be employed for two 145,000-kw 
controlled-circulation units now under construction for 
the Kearny Station of the Public Service Electric and 
Gas Company of New Jersey. 

New low-alloy ferritic steels containing chromium, 
molybdenum and vanadium have shown excellent 
strength at 1050 F and are being widely used for casings, 
piping and valves at this temperature in place of high- 
alloy stainless steels. Moreover, the ASME Special 
Research Committee on High-Temperature Steam 
Generation has undertaken a program to evaluate com- 
mercially available alloys as to their suitability for 
superheater and reheater tubing at metal temperatures 
up to 1350 F in anticipation of a further advance in 
steam temperature to 1200 F. 


Controlled Circulation 


One of the most significant events in the power field 
has been the placing of orders, during the last 15 months, 
for nineteen large high-pressure controlled-circulation 
steam generating units by nine well-known utilities. 
These range in steam output from 750,000 to 1,450,000 
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ib per hr and represent an aggregate capacity of 2,615,000 
kw. The highest pressure is 2650 psi. 

In the turbine field the trend in large units has been 
toward the tandem-compound 3600-rpm type, with 
single-shaft machines up to 200,000 kw on order. Several 
tandem-compound double-flow 3600-rpm units put out 
by one manufacturer incorporate a design that confines 
all the high-temperature steam to the same region of 
a single high-pressure casing. 

The first tandem-compound triple-flow 3600-rpm 
reheat unit, of 121,000 kw capability and designed for 
1800 psig, 1000/1000 F, was delivered during the year 
to the Waukegan Station of the Public Service Company 
of Northern Illinois. It has two high-pressure casings, 
one before and one after the point at which the steam 
is reheated. This manufacturer reports that thirty-five 
triple-flow reheat units are now on order. 


Gas Turbines 


Progress continued in the development of gas turbines 
for power generation as shown by two important orders 
placed during the year. One was for four 5000-kw units 
to be placed in service early in 1953 by the Connecticut 
Electric Light and Power Company for standby and 
peak-load service, and the other was a 15,000-kw unit 
to be installed in the Bartlesville area of the Public 
Service Company of Oklahoma. The last-mentioned 


unit is the largest of its type yet ordered for commercial 
operation in this country and is expected to be in service 
by 1953 or 1954. 

Also, several 5000-hp gas turbines are reported as 
under construction for gas-line pumping and the Union 
Pacific Railroad placed an order for ten gas-turbine 


locomotives. 

The Bituminous Coal Research Locomotive Develop- 
ment Committee, which for several years has been 
engaged in work on a pulverized-coal-burning gas turbine 
power plant for railway service, reported that the prob- 
lem of pressurizing pulverized coal has been solved by 
employing a close-clearance rotary coal pump. How- 
ever, although a new fly-ash separation system removes 
all dust larger than 325 mesh, there still remains the 
problem of removing all 10-micron particles from the 
turbine inlet gas so as to insure against turbine blade 
erosion. 


Fuels 


Bituminous Coal Institute reports an output of ap- 
proximately 535 million tons in 1951, which exceeds 
that of 1950 by some 20 million tons. Of the total, 
domestic consumption of bituminous coal amounted to 
165 million tons of which the electric utilities consumed 
in excess of 102 million tons. Exports to Britain and 
other western European countries reached a new high 
of 37 million tons, compared with one million in 1950, 
and required a large fleet of cargo ships to be taken out 
of reserve to provide the necessary transportation facili- 
ties. Exports to Canada amounted to 22 million tons. 

Interest has been revived in the transportation of 
coal by pipe line, and an 8000-ft experimental line of 
'2°/, in. diameter near Cadiz, Ohio, is aetually trans- 
orting up to nine thousand tons daily in the form of 
lurry. It is planned to extend this to 17,000 ft in the 
iear future. 
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As to oil, the American Petroleum Institute issued a 
statement showing that in 1951 the petroleum industry 
in this country had met the greatest demand in history. 
Although the United States has approximately one- 
third of the world’s oil resources, last year it accounted 
for 56 per cent of the total production of crude, which 
was a 4 per cent increase over the 1950 output. Our 
oil exports which had been declining in recent years, 
jumped to 156 million barrels and the domestic demand 
increased to 2,568,000,000 barrels, of which about 2'/, 
billion represented U. S. production. Daily operating 
capacity of U. S. refineries has reached 6.8 million barrels 
of which over 90 per cent is now being utilized. This 
new peak is attributable to several factors including 
increased use of petroleum products, the demands of our 
armed services, greater maritime consumption and inter- 
ruptions in the output from Iranian oil fields. There 
was also a shift in oil from Central America to Europe. 

However, during the year there was a significant swing, 
particularly along the Eastern Seaboard, from oil to 
coal as fuel for power boilers. This was influenced to 
some extent by stable conditions in the bituminous coal 
industry, unsettled conditions in the Middle East oil 
fields, increased oil prices and the anticipated increased 
defense demands for petroleum. In the Southwest oil 
and natural gas continued to predominate for boilers. 

Lignite came in for increased attention and high- 
lighted the program of the Fall Meeting of the ASME at 
Minneapolis with papers on its handling, storage and 
burning. At about this time the Robertson Lignite 
Laboratory of the U. S. Bureau of Mines at Grand 
Forks, N. Dak., was dedicated. It will be devoted to 
problems in the utilization of our vast lignite reserves 
in North Dakota, Montana and Texas. 

Also, during the year the Bureau of Mines announced 
a new process, similar to low-temperature carbonization, 
for obtaining tar and various by-products from lignite, 
as well as a high heating value char suitable for boiler 
fuel. The process was developed at the Bureau's 
laboratory and pilot plant in cooperation with the Texas 
Power & Light Company and is soon to be applied by 
that company to generate power for a large new alumi- 
num smelting plant in Texas. 

Still another activity of the Bureau was the completion 
of an analytical study and tests of Colorado oil shale 
which indicated a probable yield of 30 gal of oil per ton 
of shale. 

Successful suspension burning of bark refuse by means 
of high-set spreader stokers was announced and gives 
promise of wide adoption. 


Atomic Power 


Late in December the Atomic Energy Commission 
announced that small amounts of electric power had 
been produced successfully from heat energy released 
in the operation of the experimental breeder reacter 
recently completed at the National Reactor Testing 
Station in Idaho. In trial runs on two consecutive days 
more than 100 kw of electric energy was produced and 
used to operate the pumps and other building services. 
It was pointed out, however, that power generation is 
only incidental in this case, as the principal function of 
this reactor is the conversion of non-fissionable material. 


(Continued on page 42) 





Examination and 


Rehabilitation of 


Graphitized Welded Joints 


By I. A. ROHRIG* and R. M. VAN DUZER} 


A review of the practice of The Detroit 
Edison Company in systematically check- 
ing high-temperature piping welds for 
signs of graphitization and the corrective 
procedures employed to restore the welds. 


INCE the failure, in January 1943, of a welded 
joint in a high-pressure, high-temperature steam 
line at the Springdale Station of the West Penn 

Power Company (1)f, a considerable amount of investi- 
gation of graphitization at welded joints has been carried 
on. Graphitization is a condition whereby carbon 
in the steel pipe changes to the form of free graphite as 
a result of long exposure at high temperatures. At 
least one more failure due to graphitization at a welded 
joint has been reported since the Springdale occurrence. 
Studies of the problem have been under the joint aus- 
pices of The Edison Electric Institute and The Associ- 
ation of Edison Illuminating Companies and also by 
individual power companies as well as by suppliers of 
high-temperature materials and equipment (2-14). 


GRAPHITE LINES 


Fig. 1—Chain-type graphitization at a weld 


In brief, graphitization has been found in carbon 
steels in use at 800 F and higher and in carbon-molyb- 
denum steels in use at 900 F and higher. Although 
graphitization has been found principally in rolled pipe 
materials, several cases have been found also in cast 
valve materials and in forgings. Fig. 1 is an illustration 


* Senior Research Engineer, Research Department. 
+ Operating Engineer of Power Plants. 
t Numbers refer to bibliography. 
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of serious graphitization at both sides of a welded joint 
in carbon-molybdenum-steel, high-temperature-steam 
pipe material that had been in use at 900 F. The 
graphite forms the dark lines seen at each side of the 
weld. This sample illustrates the general location in 
which graphitization is usually found. Fig. 2 shows, 
in greater detail, the location of the graphite with 
respect to the weld. 
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Fig. 2—Chain-type graphitization 


The phenomenon of graphitization is peculiar in that 
it has not always been found at joints where it was 
expected to occur. In some cases it has been found to 
be of only minor consequence in power plants where 
the materials in use and service time and steam tempera- 
tures indicate that it might have occurred, or even be 
of a harmful type. Because of the potential trouble 
associated with the occurrence of graphitization at 
welded joints, many companies have sampled and ex- 
amined welded joints to determine their conditions. 
This discussion outlines the methods used by The De- 
troit Edison Company for the sampling, examination, 
and rehabilitation of welded joints in high-temperature- 
steam piping. 


Sam pling of Welded Joints 


The sampling of welded pipe joints is done during 
scheduled periods of outage of boilers and turbines. 
Certain joints are selected for sampling on the basis 
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of information such as the following: (@) operating 
temperature; (6) length of service; (c) type of steel, 
that is, whether carbon or carbon-molybdenum and 
also whether high- or low-aluminum deoxidized; (d) 
type of material, that is, whether cast, forged, or wrought; 
and (e) prior thermal treatment of the materials and 
also of the joints when welded. Consideration is given 
also to previous information obtained for the same 
heats of steel or types of material. 

The most practical method of removing samples from 
welded joints is by the use of the weld-prober which 
removes a boat-shaped sample. Fig. 3 shows the 
weld-prober attached to a steam line for removal of 
samples from a welded joint, and the type of sample 
removed is shown by Fig. 4. 

Samples can be removed also by trepanning a core or 
plug out of welded joints. Such samples, however, 
are not practical for a bend test of the graphitized zone 
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Fig. 3—Weld-prober attached to a pipe line 


of welds and may present some difficulty in closing 
the resulting hole, particularly if moisture is in the pipe 
or if steam is leaking through the line. 

The weld-prober type of sample is preferred because 
it provides sufficient material for a bend test as well as 
for metallographic examination. A further advantage 
of this method of sampling is that the resulting cavity 
can be filled easily by are welding. It is general practice 
to gage the depth of sampling to allow about '/j¢ in. 
of metal to remain at the bottom of the sample cavity 
to facilitate rewelding. 

After sampling and welding of the sample cavity, 
some prefer to stress-relieve the entire joint as would be 
done fora newly made weld. Stress-relief of the sampled 
area can be done by peening and also by localized torch 
heating. It is the practice of this Company to do no 
stress-relieving immediately after sampling because 
the information obtained from the samples indicates 
the disposition to be made of the joint; that is, rewelding, 
heat-treatment, or no treatment. 

Graphitization may vary in amount and also in its 
tvpe of occurrence around the circumference of welded 
joints. Consequently, it is advisable to remove at 
least two, and preferably three, samples from each joint. 
if only two are removed, the samples should be taken 
\SO deg apart if possible, in order to obtain adequate in- 
lormation. 

In the course of the examination of graphitized piping 
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Fig. 4—Weld-prober sample 


several complete welded joints have been removed by 
taking a section of pipe out of steam lines. The pipe 
sections that were removed for test included carbon- 
molybdenum steel ASTM A-158 and ASTM A-206 that 
had been in service at 900 F, and carbon steel pipe, 
ASTM A-106 Grade B, that had been in service at 825 F. 


Examination of the Samples 


The weld-prober sample is cut into three pieces, for 
detailed examination, as shown in Fig. 5. The center 
piece, cut longitudinally from the middle of the sample, 
is a '/s-in. wide strip that is used for the bend test. 
The two remaining pieces are used for metallographic 
examination. The bend test coupled with visual or 
microscopic examination provides a satisfactory means 
of evaluating the condition of graphitized welded joints. 
The apparatus used by the Research Department of 
The Detroit Edison Company in performing the bend 
test consists of two dies mounted in a metallographic 
specimen-mount press as shown in Fig. 6. Pressure is 
applied by means of a manually operated hydraulic 
jack. 

Photomacrographs of a bend-test strip both before 
and after the bend test are shown as Figs. 7 and 8. 
In this sample, serious cracking occurred at the left-hand 








Fig. 5—Weld-prober sample cut into segments 








side of the weld where severe graphitization was present, 
but no cracks occurred at the right-hand side where 
graphitization was slight. 

The faces of the bend-test strips can be finished by 
filing, by grinding, or by means of a belt sander. Recom- 
mended thickness of the bend-test strip is '/s in. (15). 
Etching before testing readily reveals the outline of the 
weld and facilitates the positioning of the specimens 
in the dies so that the bending can be made to occur 
in the graphitized zone. The sample should be observed 
carefully during bending so that a notation can be made 
of the angle of bend when the first crack becomes evident. 





Fig. 6—Bend-test apparatus 


The results obtained may be stated in such terms as 
length and width of cracks after bending, angle of bend, 
or elongation of the bent area. 


Evaluating Graphitization 


The EEI Subgroup on Graphitization of Installed 
Piping has suggested three classifications for describing 
graphitized conditions at welded joints, namely, ‘‘mild,”’ 
“moderate,” and ‘“‘severe.’’ Illustrations of each of 
these three types as well as bend-test strips from joints 
having the various types of graphitization are shown in 
the “Metallurgy and Piping Report,’’ for 1951, of The 
Edison Electric Institute (14). A metallographic 
examination of the samples, combined with the results 
of a bend test, provides satisfactory information re- 
specting the condition of graphitized joints. Although 
all occurrences of graphitization in high-temperature 
piping should be regarded as a sign of deterioration, 
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Fig. 7—Bend-test sample; etched 


certain types of graphitization have a greater potentially 
harmful effect than other types. 

Photomicrographs showing examples of three different 
types and degrees of graphitization, that is, ‘‘mild,”’ 
“moderate,” and ‘“‘severe,’’ are given in Fig. 9. A 
further description of the three types or degrees of graph- 
itization is ‘‘general,’’ ‘‘segregated,’’ and ‘‘chain’’-type 
graphitization. The examples shown in Fig. 9 are 
intended only as a guide; variations occur in the type 
and nodule size of the graphitization found in different 
heats of steel and also at different welded joints in the 
same material. 

“Mild,” or ‘“‘general,’’ graphitization is the least 
harmful and may have no appreciable effect on the serv- 
ice life of welded joints provided that the condition 
does not become progressively worse. ‘‘Moderate,’’ or 
‘segregated,’ graphitization, can be very harmful, 
depending upon the total amount of graphite present 
and the continuity and length of the graphite lines or 
paths. The results of the bend test should help to 
indicate what action is advisable when the graphitiza- 
tion found in the samples is classed as ‘‘moderate,’’ or 
‘“segregated.”’ ‘‘Severe’’ graphitization of the ‘‘chain’”’ 
type is the most harmful of the three different classifi- 
cations of graphitization and investigators agree that 
welded joints found to be thus affected should be re- 
welded without delay. Unless ‘‘severe’’ graphitization 
is found in the samples, interpretation of the results 
obtained from an examination and test is somewhat a 
matter of individual judgment. Each case, however, 
has to be considered individually and judgment has to be 
based on an adequate number of samples plus experience 
gained in examining samples containing graphite of 
varying degrees of intensity. 

As a general guide, it might be said that if cracking 
occurs in the bend test in less than 45 deg, and chain or 
segregated graphitization is present, the piping should 
be rewelded without delay. If cracking occurs be- 
tween 45 and 90 deg of bending and chain or segregated 
graphitization is found, plans should be made for re- 
welding as soon as circumstances permit. If no crack- 
ing occurs in the samples when the graphitized zone is 
bent 90 deg or more, no immediate action is necessary ; 





Fig. 8—Bend-test sample after bending 
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Moderate graphitization 


Severe graphitization 


Fig. 9—Different types of graphitization 
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although it would be advisable to sample again after 
an additional 25,000 hr of service to determine if a 
serious condition has developed. As mentioned pre- 
viously, it is advisable to examine at least two samples 
from each joint. 

In connection with examinations made of welded 
joints, Emerson and Morrow (5) have reported in de- 
tail on ‘“‘slip-plane’’ graphitization found in carbon- 
molybdenum steam piping. ‘‘Slip-plane’’ graphitization 
is a condition of graphite segregation in lines that may 





Fig. 10—Restraining yoke on a steam line during rewelding 
of a pipe joint 


be outside of the weld-affected zone; however, it may 
reduce the ductility of pipe as harmfully as ‘‘severe’’ or 
“chain’’ graphitization. “‘Slip-plane’’ graphitization is 
believed to occur along planes where localized yielding 
or localized plastic deformation has occurred in pipe 
material. Reference No. 5 of the bibliography contains 
excellent illustrations of the “‘slip-plane’’ graphite. 


Heat-Treatment of Graphitized Joints 


In some cases, where graphite formation has not 
progressed too far, the harmful condition caused by 
graphitization can be removed or at least reduced by 
heat-treatment of the affected joints to dissolve the 
graphite. Heat-treatment of welded joints can be done 
by means of 60-cycle induction methods of heating 
while the joints are in position. This method of treat- 
ing graphitized joints has been used with success since 
1947 by The Detroit Edison Company. The heat- 
treatment consists of heating the welded joints to 1700— 
1725 F, followed by cooling at controlled rates. This 
treatment may be followed by a draw treatment at 
1275 F, as recommended by Abele and White (12), 
to improve the ductility of the zone in which the graphite 
has dissolved. 

Heat-treatment of graphitized joints should be em- 
ployed only after a careful analysis of the condition of 
the joints as determined from an examination of a suffi- 
cient number of samples. The Detroit Edison Company 
has made extensive use of the 1700-1725 F heat-treat- 
ment of welded joints of both medium-carbon and 
carbon-molybdenum steel pipe as well as pipe-to-valve 
joints. The specific treatment used on graphitized 
joints in carbon-molybdenum steel and in medium- 
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carbon steel piping, has consisted of heating to 1700 
1725 F in approximately one hour, holding at 1700 
1725 F for two hours, followed by controlled slow 
cooling at 300 F per hour to 800 F. No draw treatment 
has been used on carbon-molybdenum steel following 
the 1700-F treatment. In several cases, the 1275-F 
draw treatment recommended by Abele and White has 
been used on seriously graphitized joints in medium 
carbon steel to improve the ductility after the joints had 
received the 1700-1725 F treatment to dissolve the 
graphite. Heat-treatment of these several seriously 
graphitized joints was a temporary measure intended 
only to keep the joints in service until they could be 
rewelded during scheduled shut down periods. 

The heat-treatment of graphitized joints to dissolve 
the graphite should not be viewed as a permanent cure 
in all cases (3, 12). The effectiveness of heat-treatment 
in restoring ductility to graphitized piping appears to be 
directly related to the extent of graphitization present 
before heat-treatment. Tests have shown that graphite, 
once dissolved, can precipitate again in the same place, 
However, tests have shown also that the 1700-F treat- 
ment appears to be the most effective means available 
for prevention of graphitization in both carbon and 
carbon-molybdenum steels. The treatment can _ be 
used at any time during the early stages of graphiti- 
zation on joints that are in service. Smith and Miller 
(6) have proposed a postwelding treatment consisting 
of heating at 1300 F for four hours as a possible means 
of preventing localized graphitization. This treat- 
ment is very effective for carbon-molybdenum steel 
and has been used at a number of power plants. 





Fig. 1l—Induction coil on a welded joint 


It is the practice of The Detroit Edison Company to 
brace pipe lines carefully before heat-treating in order 
to maintain proper alignment and pitch in the piping 
during heat-treatment of the individual joints. A yoke- 
type brace is used at the joints to prevent relaxation of 
the cold-spring, because if the piping is not fully re- 
strained by bracing, cold-spring might cause stretching 
to occur due to creep in the heated zone. Fig. 10 shows 
the bracing and a yoke on a steam line. Fig. 11 shows 
an induction heating coil on a joint to be heat-treated. 
The bracing and the yoke are removed after heat- 
treatment. 


January 1992—COMBUSTION 








Lr 


Ae -am fr 





ee fF) 








Rewelding of Graphitized Joints 


In cases of severe graphitization where immediate reme- 
dial steps are required, the welded joints and the 
adjacent graphitized zones can be removed by flame- 
gouging of the affected areas followed by rewelding, or, 
the joints can be cut out completely and a section of 
new pipe inserted. The latter*method of repair re- 
quires two new welds whereas if the joint is gouged out, 
only one new joint is required. Fig. 12 shows a graphi- 
tized welded joint being removed by flame-gouging with 
an oxyacetylene torch. After flame-gouging, the scarf 
of the joints is finished by chipping and grinding before 
rewelding. A joint that has been flame-gouged and then 
ground preparatory to rewelding is shown by Fig. 13. 
Approximately '/,. in. of metal is left at the bottom of 
the gouged-out portion. The gouged area is made 
sufficiently wide to remove the graphitized zone at 
each side of the weld. This method of removing graphi- 
tized joints has been used by The Detroit Edison Com- 
pany on medium-carbon steel pipe, carbon-molybdenum 
steel pipe, and carbon-molybdenum steel castings. 

The joints are then rewelded using the same proce- 
dures employed in welding the joints originally. A 
preheat of 400-600 F is used on carbon-molybdenum 
steel; but no preheat is used on the medium-carbon 
steel. The new weld, in a joint that has been gouged 
out, is approximately 30 to 50 per cent wider than the 
original weld, depending upon the amount of metal 
removed. 





Fig. 12—Flame-gouging of a welded joint 


The Detroit Edison Company heat-treats rewelded 
joints in medium-carbon, and carbon-molybdenum 
steel piping at 1700-1725 F, followed by controlled 
cooling to 800 F. This reconstitutes the weld-heat- 
affected zones and thereby prevents or retards future 
graphitization at the rewelded joints. The treatment 
is the same as mentioned earlier for graphitized joints. 
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Program for Rewelding and Repacement 
of Graphitized Joints 


An extensive program of sampling and examination of 
welded joints, as well as detailed physical tests of welds 
and pipe material, has been followed in plants of The 
Detroit Edison Company since the Springdale failure 
in 1943. In general, these tests have indicated that 
the pipe material outside of the weld zones was satis- 
factory for continued service and that the welds alone 
needed specific treatment. 





Fig. 13—Pipe joint prepared for rewelding 


As the result of that conclusion, the procedure adopted 
by this Company to cope with the problems of graphi- 
tization in high-temperature-steam lines has been as 
follows: (1) reweld and heat-treat at 1700 F all welded 
joints in high-aluminum ASTM A-158 carbon-molyb- 
denum piping and in medium-carbon-steel piping 
ASTM A-106, Grade B; (2) replace with chromium- 
molybdenum steel, ASTM A-315 (1.0 Cr-0.50 Mo) 
all carbon-molybdenum and carbon steel welded assem- 
blies that could not be rewelded in location, such as tee’s, 
y’s and manifolds; and (3) heat-treat at 1700 F all 
joints in low-aluminum ASTM A-206 carbon-molyb- 
denum piping in which graphitization was in the early 
stage of development. 

In the course of the program, more than 150 joints 
have been sampled, approximately 250 have been re- 
welded, and approximately 325 have been heat-treated. 
The replacement of tee’s, y’s and manifolds is being 
done during scheduled shutdowns of boilers and tur- 
bines so that it does not impair output. It is expected 
that this replacement program will extend over a period 
of four years. The program is now in its third year. 

A chromium-molybdenum steel manifold that has 
been installed to replace a carbon-steel manifold in 
825 F steam service is shown in Fig. 14. Induction 
coils for heat-treatment of three welded joints are seen 
on the manifold. Such welded assemblies can be re- 
placed more readily than they can be rewelded. 

An analysis of cost data obtained during the early 
part of the program indicated a cost of approximately 
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$920.00 per joint for rewelding and heat-treatment. 
This figure did not include the cost of replacement 
assemblies which were purchased from a fabricator. 
Where only heat-treatment has been required, the cost 
has been approximately $500.00 per joint. Costs now 
are proportionately higher. 

In carrying out this program of selective rewelding, 
heat-treatment and replacement it has been realized 
that some of the useful life of welds and piping has 
been sacrificed in the interest of safety. The work is 
being done during scheduled outage periods, week-end 
shut-downs, and long holiday weekends. It is believed 
that the program has eliminated the possibility of 





Fig. 14—Chromium-molybdenum steel replacement 
manifold 


accidents and unscheduled crippling of generating 
capacity. Aside from the program outlined, annual 
sampling of selected welded joints will continue. It is 
present opinion that within the next ten years consider- 
ation will have to be given to replacement of the piping 
systems that now are being rehabilitated. 
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(Continued from page 35) 


Earlier in the year announcement was made of an 
arrangement made by the Atomic Energy Commission 
with Monsanto Chemical Company, Union Electric 
Company of Missouri, The Detroit Edison Company, 
Dow Chemical Company, Commonwealth Edison Com- 
pany, Public Service Company of Northern Illinois, 
Pacific Gas and Electric Company, and the Bechtel 
Corporation whereby representatives of these firms, 
organized into four working groups, will be afforded an 
opportunity to study the practicability of private indus- 
try building and operating reactors to produce plutonium 
for the Government and power for industry. 


Other Developments 


Among other events may be mentioned the employ- 
ment of television in the furnace of a steam generating 
unit. First applied for this purpose at the Port Jef- 
ferson Station of the Long Island Lighting Company, it 
permits remote observation on the boiler control panel 
of conditions in the furnace at all times. Other ap- 
plications of the ‘‘Utiliscope’’ that are finding widespread 
use are for stack and water-level observations. 

More semi-outdoor power stations were put in service; 
and double furnaces were incorporated in designs of some 
of the very large units now under construction. 

A new principle of generator cooling, termed ‘‘super- 
charging,’’ made its appearance and has been applied 
in several installations. This involves forcing hydrogen 
at high velocity directly over the surfaces of the current- 
carrying conductors, thereby effecting a large material 
saving of copper and steel. 

Also worth mentioning is the trend, in the central 
station field, toward use of miniature instruments. 
With panel space on control boards at a premium owing 
to the desire to have data available at more points in the 
steam cycle, these miniature instruments provide a logi- 
cal development. 
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A Progress Report of Reheat Boiler 
Operation and Design 


By W. J. VOGEL and E. M. POWELL 


Combustion Engineering-Superheater, Inc. 


Following is an abridgment of a paper 
presented at the 1951 ASME Annual Meet- 
ing discussing the performance of several 
reheat units recently installed. Some of 
the special features of operation and a 
series of tests conducted at the Dunkirk 
Station of Niagara Mohawk Power Com- 
pany are described. 


F THE eighty-seven Combustion Engineering 
reheat units of postwar design thirteen had 
been placed in commercial operation by the end 

of 1951. All were put in service without any abnormal 
difficulties indicating that the addition of reheat equip- 
ment has not complicated the design or operation or re- 
duced the reliability of the steam generating unit. 

These units, with one exception, have been designed 
from certain basic principles and therefore are very nearly 
standardized. Fundamentally, the reheat steam tem- 
perature is controlled by vertical adjustment of the burn- 
ers which are arranged for tangential firing. Since the 
primary superheater does not have the same temperature 
characteristic as the reheater, it is necessary to provide 
supplementary control which has usually taken the form 
of a spray-type desuperheater to limit the temperature 
of the high-pressure steam at reduced loads. 

This control system was chosen instead of regulating 
the high-pressure steam with the burners to avoid the 
necessity of adding spray water to the reheat steam. 
Water added at that point would reduce the steam flow 
through the high-pressure turbine and sacrifice some over- 
all cycle efficiency. 

In order to appreciate the significance of these prin- 
ciples it is desirable to review briefly the heat transfer re- 
quirements of each of the superheaters involved. Satu- 
rated steam is supplied to the superheater at all loads. 
To maintain a constant steam temperature at the tur- 
bine throttle the heat added per pound of steam flow 
through the superheater must be held constant. As 
the load on the turbine varies the feedwater temperature 
will also vary, thereby changing the ratio of heat input 
to the unit and gas flow over the superheater per pound 
of steam generated. Therefore, to regulate the steam 
emperature rise in the superheater it is necessary to vary 
he entering gas temperature correspondingly. That 
emperature characteristic is indicated by the curve A on 
fig. 1. 

The problem in the reheater is quite different in that the 
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temperature and pressure of the steam leaving the high- 
pressure turbine decreases with a reduction of load which 
increases the heat per pound of steam to be added in the 
reheater. The gas temperature leaving the furnace 
which will be required to satisfy the needs of the reheater 
is indicated as curve B. Obviously, no single furnace 
temperature characteristic can satisfy the needs of both 
superheaters. In order to minimize the quantity of 
water to be used for desuperheating and to obtain the 
maximum cycle efficiency over the widest possible load 
range, heating surfaces have been proportioned to re- 
quire the same furnace temperature at full load. At 
reduced load the burners are regulated to follow curve 
B. This obviously, will exceed the needs of the super- 
heater requiring the addition of spray water to limit the 
steam temperature. The quantity of water te be added 
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Fig. 1--Temperature characteristics of superheater and 
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for this example is shown as curve C and reaches a maxi- 
mum at the design point (70 per cent full load) equivalent 
to 1.7 per cent of the primary steam flow. 


Dunkirk Tests 


One of the first postwar reheat steam generating units 
was placed in service in October 1950 at the Dunkirk 
Steam Station of Niagara Mohawk Power Company 
This unit serves an 80,000-kw G-E turbine having a 
maximum capability of 100,000 kw and supplies steam to 
the throttle at 1450 psig and 1000 F, reheated to 1000 F. 
Constant primary and reheat steam temperatures were 
guaranteed from full load to 70 per cent load. 

Two series of tests were conducted on this unit during 
January 1951. The first series was run primarily to de- 
termine the performance characteristics of the turbine 
over a wide range of ratings. However, since each of 
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these tests was to be of 6 to 8 hr duration with constant 
steam conditions, an opportunity was presented to run 
gas temperature traverses to study the performance of 
each individual section of the superheater and reheater. 
The furnace was cleaned by normal operation of the soot 
blowers prior to most of the tests. The desuperheater 
valves were set in such a manner as to avoid the necessity 
for changing their position during the test. In this way 
furnace temperatures and steam temperatures were held 
constant by adjusting the burnersalone. Pertinent data 
are summarized in Fig. 2. 

The furnace outlet was traversed with thermocouples 
to obtain representative average gas temperatures leaving 
the furnace. These are plotted on curve A, and show 
the gas temperature required leaving the furnace to 
maintain constant primary and reheat steam tempera- 
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Fig. 2—Results of tests at Dunkirk Station 


tures. The steam temperature control range was 
considerably greater than guaranteed with full tempera- 
ture of primary and reheat steam being maintained 
from full load to 36 per cent load. It will be noted that 
the gas temperature required to accomplish this is rela- 
tively constant over the entire range, dropping off some- 
what at the minimum load because of a slight increase 
in excess air permitted by the automatic combustion 
control. 

During the second phase of this test program furnace 
temperatures were measured while the burners were 
positioned at various degrees of tilt. Curve B has been 
plotted from these data to show the normal furnace 
temperature characteristic with stationary burners tilted 
downward 30 deg. This performance represents average 
conditions over a four-hour test period following wall 
blowing and illustrates the degree of control available 
on this unit for steam temperature regulation. 
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Curves C and D show the quantity of water delivered 
to the high- and low-pressure desuperheaters during the 
first series of tests plotted on curve A. It will be noted 
that there was an insignificant amount at full load in 
dicating a perfect balance of heating surface between the 
primary superheater and reheater for the excess air corre 
sponding to these tests. During normal operation a 
small percentage of desuperheating water may be used 
at times, depending on the frequency with which the 
furnace is cleaned and the degree of cleanliness. 

The burner tilt at the start of each test is plotted on 
curve £. As the test progressed the burners were 
lowered to compensate for the ash accumulation on the 
walls. Four coal nozzles are provided in each corner 
of the furnace. The number and location of these in 
service during each test are indicated. The normal oper- 
ating practice of taking the lower burners out of service 
as the load was reduced was of some assistance in main- 
taining high steam temperatures with a minimum 
change in excess air. 


Russell Tests 


Unit No. 2 at Russell Station of the Rochester Gas 
and Electric Corporation was placed in operation during 
November of 1950. This unit has a rated capability 
of 62,500 kw with the same steam conditions as Dunkirk 
and the arrangement is similar except for size and location 
of the air heater andfans. A set of charts showing steam 
flow and temperatures is presented in Fig. 3. It will 
be noted that a load of 475,000 lb. of steam per hour 
was carried for a substantial portion of the day which 
corresponds to 69,000 kw or about 10 per cent above 
the rated capability of the turbine. 

During the early morning hours, the load was reduced 
to 9000 kw and at that time the steam temperatures 
were somewhat low (970 F primary and 825 F reheat). 
As the load was increased these temperatures rose and 
reached the design conditions at 27,000 kw or 39 per cent 
of full load at 6:30 a.m. Other load changes throughout 
the day were accomplished without any abnormal vari- 
ations of primary steam or reheat temperature. 


Performance at Hutchings Station 


Two reheat units have been installed at the Hutchings 
Station of Dayton Power & Light Company which are 
substantially duplicates of Russell. The first of these 
was placed in operation in December 1950. After three 
months’ operation, performance data were collected con- 
tinuously at half-hour intervals for a two-day period to 
show the action of the burners and desuperheaters as 
affected by changes in load and furnace cleanliness. 
These data are shown on Fig. 4. This unit carried full 
load about 16 hr perday. During that time, the primary 
steam temperature was controlled by admitting from 
one to three per cent desuperheating water. The reheat 
steam temperature was controlled by burner tilt supple- 
mented occasionally by desuperheating up to a maximum 
equivalent to one per cent of the primary steam flow, 
depending on the load carried and furnace cleanliness. 
Wall blowers were operated twice a day, once in the 
afternoon and again in the evening, at which time the 
burners would move upward and the low-pressure spray 
valves would close. 

The load was reduced to 45 and 38 per cent for about 
three hours during the two nights reported. The design 
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Fig. 3—Operating charts showing primary 


temperatureof the primary steam was maintained through 
both of these periods while the temperature of the reheat 
steam was reduced only 35 and 45 deg F respectively as 
shown in the curves below. 

During the postwar period there has been a notable 
tendency toward greater conservatism in furnace sizing 
and the complete elimination of exposed refractory. 
This, coupled with the use of burner regulation for the 
control of gas temperature, has completely changed the 
nature of ash accumulations on the furnace walls as they 
were known in the past. This has permitted the de- 
velopment of wall blowers as a supplementary steam 
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and reheat temperatures at Russell Station 


temperature control device. A number of plants have 
established the practice of operating one or two blowers 
at a time, spaced at intervals as required to regulate 
steam temperature. The particular blowers to be oper- 
ated at any one time are determined by observation of the 
furnace and depend on the extent of ash accumulation. 
Such practice lessens the burden of the control equipment 
and will increase the equivalentcapacity of the compressor 
and air-storage tanks with an air system. Although it 


would appear that this results in frequent blowing, 
actually it may correspond to less than one complete 
cycle per shift. 
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Fig. 4—Performance data from O. H. Hutchings Station 
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Reheater Protection 


At one time many engineers expressed concern with 
possible complications to operating procedures resulting 
from the addition of reheat. One of the more important 
considerations was the protection of the reheater heating 
surface in the event of the sudden loss of electrical load 
at which time the steam flow to the reheater might be 
interrupted. In order to study this problem and estab- 
lish standard operating procedures, the Niagara Mohawk 
Power Company arranged to conduct a series of tests 
on Unit No. 1 at Dunkirk. This program involved 
tripping the electrical load with the exception of station 
auxiliaries at three different loads from 25,000 to 100,000 
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Fig. 5—Tripout tests at Dunkirk Station 


kw. This unit is equipped with automatic relays to 
trip the firing equipment three seconds after the turbine 
control valve reaches a closed position, 

Data pertaining to boiler performance for one of these 
tests are shown in Fig. 5. The load prior to trip out 
was 100,000 kw which was dropped to approximately 
2,000 kw and following a short predetermined time delay 
restored to the original load. It will be noted that there 
was very little change in steam temperature until steam 
was taken from the boiler during the restoration of load. 
The maximum temperature change during this test was 
approximately 60 deg F. Thermocouples were installed 
on the reheater elements in the gas stream. During 
the period when no steam was flowing through the re- 
heater, the temperature of these elements increased 40 
or 50 deg F to a maximum of 790 F which was well 
within the limits of safe operation. The drop in water 
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level in the boiler drum coincidental with the loss of 
fire in the furnace was only 7 in. This was restored to 
normal by automatic control equipment as the load 
on the boiler was restored with no abnormal fluctuations. 
The sequence in which the various burners were placed 
in service is indicated. 


Low Load Operation 


At the present time all of the modern reheat units 
operate at a high load factor. As more obsolete equip- 
ment is replaced and more efficient units develop, 
there will come a time when these present units must 
operate at much lower loads for considerable periods of 
time. Anticipating this, Niagara Mohawk specified 
that the units at Dunkirk be designed to be capable of 
operation for sustained periods at an evaporation rate 
of 50,000 Ib of steam per hour. This was to be done with 
a minimum use of oil for the stabilizing pulverized coal 
burners. Side ignitors having a capacity of approxi- 
mately five gallons of light oil per hour were installed 
on this unit for that purpose. Tests have been run at the 
low load specified to demonstrate the stability of that 
equipment. These tests were conducted with one mill 
in service with its corresponding set of side ignitors. 
Coal feed to the pulverizer was interrupted to simulate 
stoppages in the coal supply system and the fire was 
reignited from the ignitors. The load was also trans- 
ferred from one mill to another in the same manner with 
no undue disturbance in the furnace. Furnace wall 
blowers were operated to demonstrate their effect on 
flame stability. These experiments were repeated many 
times with complete success covering an extended period 
of continuous low load operation of approximately 24 hr. 


Conclusion 





The combined operating experience from the many 
units already in operation covering numerous startups, 
tripouts and a variety of operating conditions has fully 
justified the faith so many engineers placed in the manu- 
facturers’ ability to design reheat units which would be at 
least as reliable as the standard straight through unit. 
The very substantial increase in cycle efficiency has been 
obtained with no sacrifice in the availability of the 
equipment. 


British Power Expansion 


In 1951 the British Electricity Authority planned to 
place in service generating capacity of 1100 megawatts, 
according to Engineering of Dec. 7, 1951. For 1952 
the schedule calls for 1250 megawatts, although short- 
ages of materials and defense needs may prevent the 
totals from being reached. Consumption of coal by 
British power stations in 1950 was 31,500,000 tons and 
was expected to rise to 38,000,000 in 1952 because of the 
general increase in electrical demand. However, be- 
cause of the use of the more efficient stations now being 
commissioned, the increase in coal consumption will be 
less in proportion than the added electricity generated. 
Estimated fuel savings for the generating capacity 
scheduled for operation in 1951-52 will be about 500,000 
tons. 
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Some Current British 


Fuel and Power Projects 


The following notes are from the Thirty- 
eighth Thomas Hawksley Lecture, de- 
livered by H. Roxbee Cox' before The In- 
stitution of Mechanical Engineers in Lon- 
don, November 16, 1951. In this the author 
reviewed research and development work 
now being carried on by the Ministry of 
Fuel and Power. These projects include 
the use of pulverized coal directly in a gas 
turbine, experiments with firedamp, coal 
gas and peat as auxiliary fuel, under- 
ground gasification of coal, heat-pump 
studies, and a pilot wind-power plant. 


EVELOPMENT of the gas turbine in Great Britain 
for aircraft and in Switzerland for industrial use 
pointed, at the end of the war, to the need for 
examining the possibilities of the industrial gas turbine 
against British background, that is, a study of its use 
with coal and indigenous fuels. The decision to do this 
filled a gap in the national research and development 
program when the work on liquid-fuel-fired gas turbines 
was well under way. 
The coal-burning gas-turbine project of the Ministry 
of Fuel and Power has proceeded along the lines of de- 


! Chief Scientist, Ministry of Fuel and Power. 


AIR INLET 


veloping large-scale laboratory combustion equipment, 
the running of an adapted experimental unit, and the 
design and construction of a unit for development pur- 
poses. The laboratory work has been done under the 
auspices of the Department of Scientific and Industrial 
Research at the Fuel Research Station in Greenwich, and 
at the British Coal Utilization Research Association at 
Leatherhead. At the former place two kinds of ‘“dry’”’ 
combustion chambers have been tested. One is a 
straight-through tubular chamber employing a multi- 
grid burner and the other is a vortex chamber. At 
Leatherhead the ‘“‘wet’’ combustion chamber is arranged 
so that combustion takes place largely along the walls 
where the ash remains in a molten state and is with- 
drawn in a fluid condition. 


Parsons Experimental Work 


The adapted experimental unit, previously mentioned, 
is a 500-hp open-cycle gas turbine belonging to C. A 
Parsons & Company, and the coal-burning experiments 
with it have been carried on by that company under 
contract with the Ministry. The cycle arrangement is 
shown in Fig. 1 and the coal-burning combustion chamber 
in Fig. 2. This turbine is now operating successfully 
on coal, of which 80 per cent passes through a 200 mesh 
(95 per cent through 100 mesh and 99.5 through 60 mesh). 

The design and construction of a 2000-kw coal-burning 
gas-turbine unit has been in the hands of the English 
Electric Company. This employs a cyclone slagging- 


TO STACK 
TUBULAR HEAT EXCHANGER 











VISCO FILTER 


> A 


G) v 















STARTING 
MOTOR 
PULVERISED COAL 
STORAGE HOPPER 
COAL AND 


SCREW 


OYNAMOMETER 


CONVEYING AIR 
— 











COMPRESSOR » 


TURBINE 





Oil SUPPLY PIPE 











CONVEYER 
AND COAL 

MULTIJET 
SERVICE BIN 


SPEED & —_ 


REDUCTION GEAR ROTARY COAL 
— PUMP 450 LB.. 
COAL PER HOUR 


COOLING 
ANNULUS 























900 LB. AIR PER HOUR 
353 ATMOS, 100 DEG. F. 





CONVEYING AIR FROM 


WATER 
SEPARATE COMPRESSOR SEPARATOR 


PRIMARY AIR ~ 


~ SECONDARY AIR 
AROUND BURNER 





COAL BURNER 
TERTIARY AIR IN 


REFRACTORY 
LINED FLAME TUBE 











45,000 LB, AIR PER HOUR 3—S ATMOS. 560 DEG. F, 





RADIATION SHIELD 


SEPARATOR 
4630018. PER HOUR 


3—5 ATMOS. 
7 1,050 DEG. F. [> 
COMBUSTION | 
CHAMBER \L it eb 
L_ sto ASH 
SETTLERS ANDO 


(INTERNALLY 
-—+————_ ATMOSPHERE 











— 
- 





LAGGED) 











Fig. 1—Coal-burning version of Parsons 500-hp open-cycle experimental gas turbine 
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type of combustion chamber, as shown in Fig. 3, and the 
cycle diagram is represented in Fig. 4. 

The aim has been to develop machines which do not 
need to discriminate as to the ash content of the coal. 
With the “‘dry’’ combustion chamber, such as employed 
with the Parsons unit, the problem is to clean the gases to 
such a degree that the remaining dust particles will not 
abrade the turbine blades. In this respect, opinion is 
divided as to the critical size, varying from 5 to 20 
microns. With the slagging combustion chamber, as 
employed in the English Electric unit, while most of the 
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Fig. 2—Combustion chamber for Parsons experimental unit 


ash is withdrawn in the molten state, some further 
cleaning of the gas is required. 

By arranging the combustion chamber in two stages, 
in which the first produces combustible gas (a gas pro- 
ducer) and the second its combustion, cleaning may be 
confined mostly to the first, or gasification stage. This 
means that only about 10 per cent of the throughput 
has to be cleaned, compared with about 40 per cent with 
the single-stage slagging furnace and 100 per cent in the 
case of dry combustion. The cycle diagram for a 2000- 
kw unit with such an arrangement now being built by 
the Metropolitan Vickers Electrical Company for service 
in 1952 is shown in Fig. 5. 

Another method of preventing ash from damaging 
the turbine blades is to prevent the products of combus- 
tion from passing through the turbine. Such an open 
cycle with external combustion is used by Parsons for loco- 
motive application. Here the combustion air is pre- 
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heated by the turbine exhaust and the products of com- 
bustion after passing through a cleaning chamber are led 
to a heat-exchanger and exhaust to the atmosphere. 
The working medium is compressed air. In fact the 
Ministry of Fuel and Power has ordered such a unit of 
1600 hp from Parsons and the North British Locomotive 
Company for the Glasgow-London run. Its thermal 
efficiency is expected to be about 10 per cent at one-tenth 
load, 16 per cent at half load and 19 per cent at full 
load. 

In the closed-cycle gas turbine, as in the externally 
fired open-cycle unit described, the products of combus- 
tion do not pass through the main turbine. In the closed- 
cycle turbines so far built this advantage is to some ex- 
tent neutralized by the fact that the combustion prod- 
ucts necessarily pass through the turbine used for super- 
charging the air heater. With air heaters operating at 
atmospheric pressure, however, any ash in the products 
of combustion cannot attack the rotating parts and any 
scouring effects are confined to the air heater tubing. 

With this version of the closed-cycle turbine in mind the 
Ministry has ordered from John Brown & Company an 
atmospheric coal-burning air heater to be run with either 
the 500-hp experimental unit previously mentioned or 
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Fig. 3—Cyclone slagging combustion chamber for 2000-kw 
English Electric coal-burning gas-turbine set 


with a 1000-hp turbine which that firm has in hand. 
The cycle arrangement is shown in Fig. 6. 

In all these gas-turbine plants described, coal has to be 
injected into the combustion chamber and, except in the 
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locomotive unit, against a pressure of several atmos- 
pheres. Although lock hoppers have been tried for this 
purpose, the only satisfactory solution appears to be a 
good coal pump. Thus far, two promising designs of 
coal pump have been developed—one of the rotating- 
disk type and the other of the reciprocating-ram type. 
Successful preliminary runs have been made with both 
types employing pulverized coal against pressures from 
3 to 6 atmospheres. 


Use of Available Gases from Coal 


Two familiar derivatives from coal or coal mining are 
also subjects of experiments. One is firedamp (methane) 
and the other coal gas. The former usually occurs in 
amounts of about 1 per cent or less in the ventilating 
air discharge from mines and, because of the difficulty of 
burning such a lean mixture, steps are being taken to in- 
vestigate its use with an auxiliary fuel. An order has been 
placed by the Ministry with the English Electric Company 
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Fig. 4—Cycle diagram for 2000-kw English Electric unit 


for such a unit in which part of the methane will be con- 
sumed in a temperature booster and the remainder as the 
combustion air for the auxiliary fuel, in this case oil or gas. 
This project is going ahead with the collaboration of the 
National Coal Board. It will be installed at a selected 
colliery and should be ready for operation toward the 
end of 1952. 


Underground Gasification of Coal 


The idea has been to try to make use of British coal 
which it would not pay to mine because of poor quality; 
also, unlike experiments in some other countries where 
the objective is gasification of that portion of a sloping 
seam lying above a horizontally mined gallery, attention 
is being paid to methods of creating underground systems 
that can be worked from the surface. 

At a site near Chesterfield, vertical and horizontal 
surface drillings with their base in coal were made in 
1949, and in July 1950 the coal was ignited by gas. 
\ir was pumped down one vertical shaft in such quantity 
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Fig. 5—Cycle diagram for gas-producer, gas-turbine set 


as to maintain gasification reaction. The gas quality 
was maintained at an average of about 80 Btu per cu ft 
for the first ten weeks. However, as the burned-out 
space became greater, the tendency for some of the air 
to miss contact with the walls was reflected in a lowering 
of gas quality This quality was partly restored by 
introducing air at the side of the passage through an 
additional vertical shaft. 

During the initial ten-week period over 100 tons of 
coal were gasified with a total thermal yield of about 
67 per cent (49 per cent as combustible gas, 11 per cent 
as sensible heat and 7 per cent as steam). 

The experiments so far have been confined to a study 
of the gasification process and the making of systems in 
flat seams. Utilization of the gas does not appear to 
present serious difficulty, but is being studied as a part of 
the economic survey. Until the end of 1950 the experi- 
ments were run entirely by the Ministry of Fuel and 
Power, with the advice of a scientific committee and the 
help of the National Coal Board, but during 1951 the 
latter has contributed with financial support, staff and 
facilities. 





















































INTERCOOLER 
T iE LP. COMPRESSOR iaiiiaaiaa 
J H.P. COMPRESSOR i t 
Zs 2, a 550° C. ; 
2s~ Cc. af, 6s c. COMBUSTION 
43-5 LB. A 160 LB. PER_SQ. IN. ABS AIR PREHEATER 
PER SQ. ~< i \/\f 
IN, ABS. GEARING EXCITE HeaTeR V \ VA C) 
ao — 
y WV iYY <= 
437° C. ' = A 
PRECOOLER 50 18. \ 
PER SQ. ALTERNATOR | ~ >> 
usec} / a 
- 











168 LB. PER TURBINE 
SQ. IN, ABS. 





CIRCULAT nel 


FAN 














HEAT EXCHANGER 


PULVERIZER 


Fig. 6—Diagram of John Brown coal-fired closed-cycle gas- 
turbine plant with atmospheric air heater 


49 











NERVA-PLAST. 


COLD SETTING CEMENT 


a completely waterproof, 
weatherproof, corrosion-resistant, 
Tb alo) (-mel Jolie maelonilare 


FOR BETTER PROTECTION 




















RUBBER & PLASTICS so nockereisen piaza, 


COMPOUND C0. INC, NEW YORK 20. W. ¥. 


_. KEEPS INSULATION Resists 
INTACT | . , effectively 
revents deteriora- 
tion of porous heat the deleterious 
insulating mate- action of acids, 
rials and pipe cov- 
ering on outside alkalies, 
lines and equip- Portland cement, 
ment above and 
below ground. and sub-zero 
temperatures 
@ 

;, Bonds readily 
PROTECTS DUCTS and efficiently 
AGAINST INSIDE CORROSION ig ail types of 

When applied di- heat insulation 
rectly to inside of materials, 
ducts, Nerva-Plast 
forms a protective metals, 
coating against  asphalted felts 
condensation, cor- 
rosive gases and 9nd concrete 
moisture. 
sd 
Nerva-Plast 
is easily 
PREVENTS 
CONDENSATION and economically 
Ma applied. 
... where applied : 
directly on cold Can be brushed, 
water lines in tex- sprayed 
tile and other in- 
dustrial plants re- °F trowelled on, 
quiring a high = whiti take 
degree of humidi- 
fication. aluminum paint 
easily. 





Please send me information on Nerva-Plast for use 
on 


PO sa cnidenkbeiianeneevnesbanewsensndenseenseaneenes 


DNs 6090900 00505006060b08508050556000nbOdN0seaN sed RES 


é 
‘ 
8 
6 
i, 





Other studies by the Ministry of Fuel and Power have 
been directed at total gasification of coal by various 
processes, particularly by hydrogenation; also to peat 
utilization, the heat pump and to wind power. 

There are two programs dealing with peat utilization, 
one under the Secretary of State for Scotland and the 
other under the Ministry of Fuel and Power. The former 
includes work on peat winning, as well as its use as gas 
turbine fuel, the basic scheme being to burn peat in an 
air heater which can be used with the 500-hp John Brown 
unit previously mentioned. The latter program in- 
volves an adaptation of the well-known Ruston & Hornsby 
engine to peat as fuel. 


Wind Power Studies 


| In the field of wind power, investigations by the Min- 
| istry have dealt first with surveys of wind behavior over 
long periods and, secondly, contracts for pilot-scale wind- 
power generators of about 100 kw each. One of these 
| is now just starting to operate at a site in the Orkneys 
and the other, which is being constructed for the British 
| Electricity Authority, will have a special pneumatic 
| transmission system for transferring power from the 
| 
| 





windmill shaft to the generator. Its blades will be 
hollow and their rotation will centrifuge air along their 
surface and draw it up the windmill tower which is in 
the form of a hollow tube. This air flow will drive a wind 
turbine connected to the generator at the bottom of the 
tower. Economic studies are also being made to deter- 


mine the feasibility of this form of power. 
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The Power Plant Architect 


By WALTER W. WEFFERLING 
Chief Architect, Gibbs & Hill, Inc. 


Increase in size of units, high labor and 
material costs, as well as advances in both 
mechanical and electrical practice, have 
left their marks on the architecture of 


modern power plants. How the various 


functional requirements are met, without 
sacrifice in architectural features, is here 
broadly discussed by the author. 


RCHITECTS who undertake the design of 

power plants are confronted with considerable 

differences in many respects from those custo- 
marily associated with the general practice of architec- 
ture, wherein the architect conceives and develops the 
project from start to finish. 

The principal difference arises from the nature of the 
building and its basic conception as a coordinated ar- 
chitectural unit embodying the functional requirements 
of a power plant as developed by the mechanical and 
electrical engineers. 

In the past, and to some extent even today, the engi- 
neering forces have been inclined to determine the general 
arrangements and physical space requirements without 
benefit of architectural advice or consideration. The 
engineering groups have come to realize, however, the 
essentiality of the architect as a consultant in the prep- 
aration of even the basic scheme, and most certainly 
in the development of the general arrangement or where- 
ever space requirements and traffic flow problems exist. 


Safety and Personnel Requirements 


Modern high efficiency plant operation and personnel 
requirements make necessary the early consideration 
as to sufficiency and location of stairways, providing for 
good circulation and safety, the proper determination 
of platform locations, elevations and headroom to insure 
safe adequate access and working area, provision of 
hatchways and elevators to serve the coordinating needs 
ol a plant. 

The personnel requirements of modern plant operation 
are such that the utmost thought must be given to the 
eflicient arrangement, comfort and livability of the general 
layout; good lighting and ventilation are essential. Proper 
lighting, air conditioning, ventilation and space provi- 
sions are highly important also in planning of the control 
room, office spaces, laboratory, machine shops, locker, 
shower and toilet rooms. The engineers have come to 
depend upon the architect to provide these many features 
ithin the structure required to house the mechanical 
ctory. It has, therefore, become most essential that 
ie mechanical, electrical and structural engineers work 
ogether with the architect as a team in close cooperation 
' assure the ultimate development of each problem. 


“ 
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The location on the site, usually determined by engineer- 
ing considerations such as availability of water, railroad 
sidings, zoning restrictions or prevailing winds, should 
be studied by the architect in collaboration with the engi- 
neers. It is his job to plan the main approaches, second- 
ary roadways, parking and recreation areas and land- 
scaping. 


Color Schemes Important 


In the early planning and purchasing of equipment, 
too little thought is given by the engineers to any overall 
color harmony for various equipment delivered to the 
job ‘‘factory finished,’ also to the proper type of base 
or priming paint for equipment to be finished at the job 
by the painting contractor. 

An important part of the architectural design is the 
painting and color scheme of the finished plant—this 
is essentially the architect’s province and he should be 
consulted on the color selections of all factory-finished 
equipment items, especially such as boiler and turbine 
boards and electrical control and relay boards which 
invariably are located in the same room or area, in 
order to assure a harmonious blending into the finished 
color scheme. 

A few decades ago the architect was occasionally 
consulted by the engineers, but merely to design a facade 
for the structure. No longer, however, are facades 
designed as replicas of some feudal bastions. Instead, 
the utilities have joined the industries in the design of 
their modern plants, with the expectation of good clean 
architecture, stressing the functional housing of the 
generating equipment within modern structures. 

The varied heights, the size and the massive areas of 
the modern plants, whether enclosed or semi-enclosed, 
offer many possibilities for the architect. Some are 
kept very simple, with clean lines and by a careful selec- 
tion of materials, while others are more elaborate, with 
featured entrances and landscaping and by theuse of more 
costly materials. Whatever the problem, thereis nothing 
inherent in it that a good architect cannot master— 
the design is his. The materials, simplicity or boldness 
and special features are usually dictated by the economi- 
cal approach or by the wishes of the client. It is there- 
fore impractical to express any preference here for any 
particular materials or construction methods as each 
project offers a new problem for-the architect. 














ROTECTED 


CHECKERBOARD sou’ 
URUK, 
‘Soa so waCSrop poe 


WATER TREATMENT 


This landmark on Checkerboard Square in St. Louis is the home office 
and original plant of Ralston Purina...famous Purina Chows and 
Ralston Cereals. A by-word in millions of homes and farms, Ralston 
Purina now operates 38 Chow plants across the United States. 

Modern boiler water treatment plays an important role in this plant. 
Pure steam is essential for food processing and Drew complete BWT 
has protected the boilers for 5 years against steam contamination and 
other boiler water difficulties. 

Many companies, like Ralston Purina, rely on the Drew 3-point pro- 
gram for better power plant operation. 

1. Drew engineers make thorough studies of boiler plant opera- 
tions and water conditions. 


Send for your illustrated DREW OR- 2. Drew water chemists and engineers analyze this data in Drew 
GANICS folder describing the use of Laboratories and make specific recommendations for treatment. 


organics in modern boiler water treat- 3. Drew engineers make frequent tests in the plant to assure 
ment. Write today. efficient performance of the water conditioning. 


Thoroughness of investigation, proper treatment and frequent service have 
made Drew one of America’s fastest growing water treatment companies. 
Industry’s most respected names avail themselves of Drew Boiler Water 
Treatment and Service. Do the same. Consult the nearest Drew engineer 
or write for information. 


Power Chemicals Division 
E.F. DREW & CO., INC. 


15 East 26th Street, New York 10, N. Y. 
Wationwide Serwice tn Gotler Water and Cooling Water Conditioning 
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Facts and Figures 


\bout 75 per cent of the bituminous coal mined in the 

United States is machine-loaded. 
w 

Silica carryover is not susceptible to mechanical sepa- 
ration. 

* 

Approximately 20,000 kw of electricity is required to 
produce one ton of aluminum. 

o 

Distillate oils represent those petroleum fractions that 

boil off at between 350 and 750 F. 
a 

The maximum transmission voltage employed com- 

mercially thus far in this country is 330 kv. 
* 

Increased steam pressure and temperature decrease 
the solubility of calcium and magnesium salts in the 
boiler water. 

* 

One basic cause of smoke is the cracking of hydro- 

carbon vapors released from the heating of coal. 
” 

With the coal situation in England becoming acute, 
jobless Italians are reported as being recruited to help 
out the manpower shortage in British coal mines. 

+ 

According to the American Petroleum Institute, the 
oil industry in this country last year spent over 200 
million dollars in exploration for new oil sources. 

* 

With large units employment of reheat reduces the 
calculated turbine heat rate, in Btu per kilowatt-hour, 
from 4 to 5 per cent, depending on the steam conditions. 

® 

Gordon Dean, chairman of the Atomic Energy Com- 
mission, is authority for the statement that the Com- 
mission's current construction and operating programs 
are consuming stainless-steel tubing at a rate equal to 
about one-half the total national production. 

* 

Some of the oil refineries on the West Coast are re- 
ported as extracting hydrogen sulfide from their refinery 
gas and, not only burning the cleaned gas, but deriving a 
substantial revenue from the sulfur that is extracted. 

® 

Government statistics indicate that there are close to 
3900 electric utility plants in the United States, 60 per 
cent of which are privately owned. Steam, although 
representing only about 27 per cent of the total number, 
accounts for some 70 per cent of the total electric output. 

a 

Preliminary estimates for the year just passed indicate 
that electric utilities, as a group, are now the largest 
onsumers of bituminous coal, having slightly passed the 
onsumption by by-product coke ovens. This is subject 
) final checking when all reports become available. 

® 

Only about 10 per cent of the manganese used by the 
\merican steel industry is supplied by domestic pro- 
lucers, the remainder coming from India, the Gold 

vast, South Africa and Brazil, with small amounts from 
lexico, Chile and the Philippines. Imports from 
Russia, the world’s largest producer, have practically 

ised. 


-~ 


©COMBUSTION—danuary 1952 


| 











Currently starring in the B-H 
review of insulating 
materials are B-H Blankets, 
felted between layers of 
any combination of: wire mesh 
and metal lath reinforcements 
to suit requirements. Some 
outstanding advantages of 
this versatile performer are: 


Effective to 1200°F 

2’ x 4 and 2’ x 8 standard sizes 
Special sizes available 

Fast, easy, large-area application 
Fits curved surfaces 

Interlocking edges 

Incorporates lath for finishing cement 
High moisture resistance 








Baldwin-Hill can help you 

cut down heat loss . . . by 
recommending a material and method 
of application from its complete 

line of Black Rockwool insulations. 
For most efficient heat control 

at lowest cost—with blanket, 

block, cements, etc.—call in a 
THERM-ENOMICS* consultant. 


*Economics of Engineered Heat Control 


aldwin-Hill 


iF IT’S TOO HOT 
TO TOUCH 
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vit 
yt 


v* - coupon and attach to your signed letterhead 
IT NEEDS SEND ME COMPLETE INFORMATION ON: 
INSULATION | 


Black 


(0 Meno-Block—for temperatures to 1700°F 


a 


C) Blankets—metal reinforced, large-area coverage to 1200°F 
|] No. 1 Cement—plastic insulation, to 1800°F 
cy 


Powerhouse Cement—high-adhesion finishing to 1700°F 
BALDWIN-HILL CO., 502 BREUNIG AVE., TRENTON, N. J. 
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Swartwout Impulse Regulation assures correct 


feed water supply under any load condition 


ee an 


J4 AIR LOCK—> 


STEAM LINE 
ORIFICE 














J6 MANUAL & 
AUTO CONTROL 
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TYPE U1 STEAM 
FLOW CONTROL 


TYPE X7 DIFFERENTIAL 
LEVEL & IMPULSE CONTROL 








WARTWOUT two-element controls—by utilizing the very 
forces that cause false drum level—produce a corrective 
impulse that assures correct level even under rapid load 
swings. Since “shrink” and “swell” are functions of rate of 


change, as well as magnitude of load, only Impulse Regula- Swartwout 


tion gives satisfactory operation under any rate of change 

in load of any magnitude. POWER PLANT EQUIPMENT 
Type U1 flow transmitter takes square root of steam line 

orifice differential and feeds airloading pressure, which is 

directly proportional to steam flow at all 

flows, to X7 differential level and impulse 

control. X7 unit positions flow valve by send- 

ing airloading pressure which is result of 

combining rate of change of steam flow 

function with water level. 
Graph (right) shows how proper combi- 

nation of these forces, plus reset and setback 

features, assures that valve will give desired 

operation under amy load condition. System 

can be adjusted to maintain drum level con- 

stant at all loads, carry it high at high loads, 

low at low loads, or vice versa. In addition 

to this FW6 two-element system, Swartwout 

also makes an FW7 three-element impulse 

regulating system. Other types include FW5 

single-element system and SC (FW1) thermo- 


hydraulic system, A-3758 
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Incineration of Wood Waste 


The office of the Los Angeles 
County Air Pollution Control 
District has sent in copy of a 
paper by R. L. Chass, its assist- 
ant director, and E. E. Feldman, 
executive secretary of the Fur- 
niture Manufacturers’ Associa- 
tion, dealing with ‘Incineration 
of Wood Waste in the Los Ange- 
les Area.’’ This paper, which 
appears in the Journal of the 
Forest Products Research So- 
ciety, devotes considerable space 
to conditions peculiar to and 
regulations in Los Angeles 
County where so far there ap- 
pears to have been little justi- 
fication for utilizing wood waste 
as fuel because of the abundance 
of low-cost oil; hence incinera- 
tion has become a popular 
means of disposal. This, of 
course, is contrary to practice 
in many other sections where 
wood waste is burned to pro- 
duce steam. Space here does 
not permit reviewing the many 
local aspects, but the paper 
contains certain basic observa- 
tions and operating suggestions 
on incineration of wood waste 
which apply to incineration in 
general; hence these points will 
be reviewed. 


HEN wood waste burns, volatiles are 

distilled off below 500 F. Above 540 
F exothermic reactions take place and the 
distillation of the volatiles continues with 
the evolution of about six per cent of the 
total available heat. Above 1100 F vola- 
tile gases are ignited. This is true pro- 
viding the wood is not too wet, since evap- 
oration of moisture absorbs about 1000 
Btu per pound of the moisture present 


Basic Considerations 


With the exception of combustion of 
elementary carbon, oxidation reactions 
occur in the gas phase. The combustion 
mechanism is that of rapid chain reactions 
which are complicated, but the process of 
burning is controlled more by external 
factors such as concentrations, tempera 
ture and the manner of mixing of the 
primary and secondary air supply than 
by the difference of composition and other 
characteristics of the fuel. 

At the temperature of combustion, 
hydrocarbons rapidly dissociate into free 
hydrocarbon radicals which are liable to 
oxygen attack and are highly reactive 

Combustion depends on temperature, 

ne and turbulence, often referred to as 

e ‘three T’s.”” There must be sufficient 

ne to ignite and burn the fuel com 

letely; the temperature must be high 
ough to ignite and burn it properly; and 
ere must be sufficient turbulence in the 
rnace to insure thorough mixing of the 
ses. When these factors are in perfect 
lationship, there should be complete 
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combustion and no smoke. On the other 
hand, when they are not in harmonious re 
lationship, the resulting incomplete com 
bustion will produce smoke, eye irritants 
such as aldehydes, alkylperoxites and 
other organic compounds, and particulate 
matter, such as fly ash and soot 

Burning of oily rags and material con 
taining paints or lacquers is a matter of 
temperature. When the fire is hot enough, 
the rags may be introduced in small quan 
tities and burned smokelessly. The tem 
perature should be at least 1200 F 

Incinerators are designed for a given 
quantity of combustible and it is not well 
to use the incinerator until sufficient waste 
material has been accumulated to warrant 
its use. Should the quantity vary greatly, 
black, white or brown smoke is likely to 
result. 

Generally speaking, black smoke indi 
cates insufficient air, whereas white or 
brown smoke shows too much air 


Silo-T ype Incinerator 


In the single combustion chamber or 
“silo” type of incinerator, such as has been 
characteristic of the West Coast, there is 
little or nocontrol of these factors. Although 
the single combustion chamber could be 
made to work satisfactorily under a system 
of careful feed and air control, it is usually 
not economical to do so in the small plants 


where feed is erratic and only superficial 
attention is paid to the burning operation 

Therefore, the Los Angeles County Air 
Pollution Control District will no longer 
grant new permits to build or use_incinera 
tors of this type, although rules of operat- 
ing procedures have been devised to use 
such incinerators as were in existence prior 
to February 1948 


Multiple-Chamber Type 


Since the silo-type incinerator is so dif- 
ficult to control, designers have more re- 
cently turned to multiple-chamber in 
cinerators which consist of a furnace, a 
mixing chamber and a combustion cham 
ber. In this type proper temperatures are 
more easily maintained because the retain 
ing and bridge walls become hot refractory 
surfaces which receive heat from the flame 
and transmit it to the cooler portions of 
the burning mixture, thus increasing the 
rates of ignition and combustion. Also, at 
proper temperatures, the unburned gases 
have a’ chance to burn when mixed with 
the proper quantity of air in the second 
chamber 

Provision must be made for the admis- 
sion of air, in the correct quantity, to the 
primary combustion chamber in such a 
manner as to initiate and facilitate proper 
combustion; also into the second chamber 
to assure smokeless burning. Moreover, 
the velocity of the gases at the entrance to 
the second chamber must be sufficient to 
create a pressure that will insure introduc 
tion of secondary air and create the desired 
turbulence. 


CONTROL SCALE AND CORROSION 
in BOILERS, STEAM and CONDENSATE LINES, WATER 
JACKETS, CONDENSERS — Wherever Water Is Used 


Now, more than ever before, it is necessary to increase the 
efficiency and life of equipment by maintaining scale-and-corro- 
sion-free water-side surfaces. Let experienced Wright Chemical 
Engineers check the requirements for water-conditioning chem- 


icals to solve your problems. 














WRIGHT CHEMICAL CORPORATION 


Specializing in Water Conditioning 
GENERAL OFFICE AND LABORATORY 
619 West Lake Street, Chicago 5, Illinois 
OFFICES IN PRINCIPAL CITIES 
Sole Distributor of Nelson Chemical Pre portioning Pumps 
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Turbopump 










Typical Utility Boiler 
Feed Pump Installation > 


































































































oo ae - . P, d De rees Po nds 
Type Quantity ber Uawe tone. F. Susu 
STEAM TURBOPUMPS = =————CCséd,:«1 2. Pumps 31,600 | 250 | 810 _ 
Tn 7 3 Pumps 358,120 220 1300 
ABF CENTRIFUGAL PUMPS 4 Pumps 350,000 300 1060 
4 Pumps 455,000 336 1225 
OO on 3 Pumps 425,000 310 1825 
3 Pumps 495,000 306 1619 
6 Pumps 405,000 305 1750 
IBF CENTRIFUGAL PUMPS ienes 405,000 poo an 
3 Pumps 450,000 310 1825 
6 Pumps 550,000 334 2200 
2 Pumps 163,600 260 490 
JBF CENTRIFUGAL PUMPS 1 Pump 117,500 250 775 
30 Pumps 95,000 250 810 
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HUNTINGTON PARK, CALIFORNIA 
Export Office: Chanin Bldg., 
122 E. 42nd St., New York 















Primary and secondary air ports should 
have adjustable controls and_ sufficient 
draft must be provided by either natural or 
artificial means, to insure adequate quan- 
tities of air intake for all possible firing 
conditions. 

While the required temperature will de- 
pend somewhat on the material being 
burned, the minimum gas temperature for 
both combustion chambers should be at 
least 1200 F. Auxiliary fuels, such as gas 
or oil, may be needed to provide more acde- 
quate control of temperature, although oil 
is undesirable as it adds another potential 
source of smoke. 

Velocity of the gases in the secondary 
combustion chamber should be such as to 
allow sufficient time for the settling of par- 
ticulate matter. Moreover, with a multi- 
ple-chamber incinerator the abrupt change 
in direction of the gases will assist greatly 
in settling out the particulate matter. 

The authors offer the following observa- 
tions among their conclusions: 

Mechanical smoke indicators, by them- 
selves, do not solve the problem of in- 
complete combustion. They serve only to 
act as a warning that smoke may be too 
dense. A smoke indicator is certainly of 
little value when the stack is in the open, 
for the emissions from the stack, should be 
visible to those responsible for its effective 
and efficient operation. When an electric 
eye is used, care must be taken to keep the 
instrument clean. An air jet will do this. 
Indicators are of some value where the 
heat is being utilized, however, and in that 
case they can save money. 

There is an inclination on the part of the 
user to slough off the operation of his in- 
cinerator on an unskilled worker. But it is 
clear, as a result of existing legislation and 
present administration, that the task of in- 
cineration must be taken more seriously 
than has been the custom heretofore. 





WANTED 





Power Plant Foreman (shift) 
for new pulp mill in North Car- 
olina. Rounded experience in 
coal and oil fueled high pres- 
sure stationary boilersrequired, 
Also experience in operation 


of turbines and auxiliary equip- 


Write to: 


ment. 





PERSONNEL DEPARTMENT 
RIEGEL CAROLINA 
CORPORATION 


ACME, N. C. 
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REVIEW OF NEW BOOKS 


Any of the books here reviewed may be secured through 
Combustion Publishing Company, Inc., 200 Madison Ave., N. Y. 





Boiler Feedwater Treatment 


Third Edition 
By F. J. Matthews 


British practice in treating feedwater is 
explained in this revision which is intended 
to give the small steam plant operator 
guidance in selecting proper treatment 
equipment. 

The author first describes the various 
types of natural waters and their adapt- 
ability to use for boiler feed. He next 
deals with the principal operating troubles, 
giving the older corrective measures first 
and then showing how their failings have 
necessitated the development of modern 
improvements. Finally, there is a section 
on analysis, including the usual routine 
methods of testing required for the efficient 
operation of softeners. 

Water-treatment practice in Great 
Britain closely parallels that in America, 
and it is interesting to note throughout the 
book the appearance of trade names fa 
miliar in this country. Also, a surprising 
preponderance of the numerous biblio- 
graphical references is to U. S. publica- 
tions. 

There are 208 pages in the book which 
sells for $4.50. 


Air Pollution Control 
By Stanley Scott and J. F. McCarty 


This is one of a series of legislative re- 
views prepared for the State of California 
It begins with a statement of the problem 
of air pollution and its causes. Then the 
review takes up experiences in various 
sections of California and analyzes some 
of the effects in terms of health, nuisances, 
economics and damages to crops and live- 
stock. Methods of abatement are next 
taken up, including elimination at the 
source, dispersal of contaminants, and 
zoning controls. A major section of the 
review deals with the legal status of air 
pollution regulation on the state and local 
levels. Ina selected reading list there are 
about fifty references to recent literature 
on air pollution. 

For those desiring a concise review of 
air pollution problems this 38-page report 
to California legislators is well worth its 
cost of $1. 


Heating Design and Practice 
By Robert H. Emerick 


In writing this book the author had two 
endsin view. The first was to present the 
basic theories of heating design with 
demonstrations of how these theories are 
worked out. The second was to bring 
together such allied subjects as the design 
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of fuel handling and storage systems; 
the design of masonry chimneys and steel 
stacks; fireplaces, chimney pots and in- 
cinerators; the characteristics of industrial 
refractories and insulation; and the prepa- 
ration of specifications and the analysis of 
bids. 

These ends have been achieved, and 
the scope of the book has been extended, 
giving a curious mixture of power plant 
practice and the specific techniques of 
heating. For small consulting 
engineering firms and for architects, the 
arrangement of the material in this form 
will likely prove advantageous. Its use 
as a text in colleges and as a reference 
for specialists in heating is another ques- 
tion because of the wide diversity of 
subject matter. 

The author has done an especially 
creditable job in the chapters on designing 
steam, hot water and warm air heating 
systems. Illustrations of representative 
commercial equipment add to the value of 
the book. 

The 454-page book sells for $8, 


space 





A coal handling installa- 
tion under construction at 


Lorain, Ohio. 


Generating Stations 
Fourth Edition 


By A. H. Lovell 


Although this book is subtitled ‘‘Eco- 
nomic Elements of Electrical Design,” 
it gives a very comprehensive view of 
modern central station practice including 
corporate finance, station cost, typical 
load curves, plant location and station 
auxiliaries. Much emphasis is placed 
upon the interrelation of mechanical and 
electrical elements in the design so that 
there is an understanding of the possibili- 
ties and limitations of the two fields. 

The chapter on station cost, based 
largely on articles which have appeared in 
Electrical World, brings together much use- 
ful information on comparative costs of 
steam, hydro and diesel plants. It also 
reviews recent developments in power 
plant design and considers the effects of 
interconnection on power systems. 

Other sections of the book deal with 
economic conduetor selection, bus systems, 
circuit breakers, protective relays and 
transmission lines. 

There are 432 pages and the book sells 
for $6.50. 


Modern Pyrometry 
By Charles H. Campbell 


Measurement of high temperatures is 
an important tool in research and develop- 





Low Cost Coal Handling 


When coal is to be handled in large quantities, 


equipment must be planned with three factors in 


mind: 


(1) Efficiency 

(2) Moderate installation and operating cost 
(3) Low maintenance costs 

Careful design for the particular job is the answer 





From estimate to completed installation, Sy-Co 
Corporation treats your materials-handling problem 
with the skill that comes only from experience. 


Sy-Co Corporation | 


Conveying Systems for Every Purpose 


39 Broadway 


New York 6, N. Y. 
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RICHARDSON 





loes more by 
offering the most 


Check the superior features that have made 
Richardson Coal Scales the standard of the industry... 
Features that assure you of the highest boiler efficiency. 


HERE’S THE BOX SCORE 


Compare And Then Select Your Coal Scale On 
Time-Tested Advantages 


OR EQUAL 











Coal Scale Inlet 











20” x 20°— 
Coal won't arch above opening. 














Electrical Controls 











Outside corrosive coal chamber 
for long life, low maintenance. 




















Weigh Hopper 

















Flapper seal to retain fines and 
prevent lumps from “hanging 
up" scale. 








Hopper Discharge 














Foolproof, mechanical. No en- 
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MATERIALS HANDLING BY WEIGHT SINCE 1902 





Secinatnes cumbering solenoid boxes or 
wire to alter weighing. 
Weigh Beam Fully accessible, Warp and twist- ' 
free. 
Mechanical, direct-connected dis- } 
. harge counter. Impossible to 
R ter: . P 
— double count. Motor driven re- { 
mote counter available. j 


Available for special applications including elongation for 
service as a coal conveyor. A complete line of accessories is also 
available—such as Magnetic Head Pulley, Automatic By-Pass etc. 

Without obligation a Richardson engineer will be glad 
to survey your present methods of checking fuel consumption 
and boiler efficiency. His recommendations, based on almost 50 
years of materials handling by weight experience may be the 
means of cutting your fuel costs. 


3 BULLETINS AVAILABLE 


Send For Them Today For Complete Information On: 
EE-39, for dust tight, average service—200-300 Ibs. per discharge 
—Bulletin No. 0150 
Model K-39, for pressure tight (up to 60” of water), large 
capacity service—400-500 Ibs. per discharge—Bulletin No. 0250 
Monorate, non-segregating coal distributor—Bulletin No. 1349 


RICHARDSON SCALE COMPANY 


Clifton, New Jersey 


Atlanta ° Boston 
Cincinnati * Detroit 
New York © Omaha 


San Francisco * 


Wichita 


Buffalo ¢ 

Houston ° 
Philadelphio ¢ 
* Montreal ¢ 


Chicago 
Minneapolis 
Pittsburgh 

Toronto 
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ment. This book was developed from a 
lecture prepared for the Cleveland Chapter 
of the American Society for Metals and 
illustrates the relatively common as well 
as the new techniques in pyrometric prac- 
tice and equipment. It includes photo- 
graphs of many representative types of 
instruments. 

The opening chapter deals with thermo- 
couples and includes tables which show 
standard types and their limitations and 
types of protection tubes that may be 
used with thermocouples. The 
chapter takes up temperature indicators, 
recorders and controllers, including elec 
tronic balancing mechanisms and methods 
of automatic temperature control. In the 
third chapter resistance thermometers, 
radiation pyrometers, photoelectric in- 
struments and optical pyrometers are 
described. The concluding chapter is 
concerned with care and maintenance of 
pyrometers. 

Containing 150 pages, the book sells 
for $4. 


second 


ALCOA—An American 


Enterprise 
By Charles C. Carr 


This book of 292 pages is a most inter- 
esting story covering the history and 
growth of one of America’s largest com- 


panies—The Aluminum Company of 
America. Its inception was based upon 
the work of a twenty-two-year-old in- 


ventor, Charles Martin Hall, who, in 1886 
at Oberlin, Ohio, discovered not alumi- 
num which was already available at high 
cost, but a process that made possible its 
mass production through the electrolytic 
fission of aluminum oxide. This process 
was destined to make low-cost aluminum 
available for innumerable applications 
With the aid of Alfred E. Hunt, a metal- 
lurgist, and a group of backers in Pitts- 
burgh, the process was launched com- 
mercially in 1888 by the Pittsburgh Re- 
duction Company. 

Following an account of Alcoa’s begin- 
ning and the men associated with the 
enterprise, the book reviews the early 
patent problems, the procurement of 
bauxite, the Company’s early relations 
with the Government under the Sherman 
Act, and later actions under the anti- 
trust laws, its contribution to winning 
both World Wars, the intervening period, 
ending with present postwar competition. 

The author was for many years the 
Company’s director of public relations 
and therefore has both first-hand informa- 
tion and ready access to the essential 
records. Upon retirement he undertook 
the writing of this book. 

Bound in cloth, the book is priced at 
$3.50. 


Essentials in Problem Solving 
By Zuce Kogan 


This little book makes fascinating read- 
ing—not in the generally accepted sense 
of being easy to read, for it requires some 
study if one is to get the most out of it, 
but rather because it presents certain 
ideas in a new light. The title, of course, 
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joes not refer to mathematical problems. 
fhe examples employed to illustrate the 
ine of reasoning are well chosen and en- 
liven what otherwise would be more or 
ess abstract logic. Without attempting 
o review the text, it may be summed up 
by the statement that the essential to 
effective problem solving is the applica- 
tion of general principles. 

Publication is by the author, Zuce 
Kogan, a consulting engineer, at 72 
Sheridan Road, Chicago 13, Ill, and the 
price 1s $3.00. 


More Emphasis on Basic 
Science Needed 


A plea that all engineering schools should 
devote themselves to ways of making sub 
stantial improvements in their courses of 
study has been made by the Committee on 
Adequacy and Standards of Engineering 
Education of the Engineers’ Council for 
Professional Development, as a result of 
an extensive study made by this com 
mittee. Chairman S. C. Hollister, Dean 
of Engineering, Cornell University, re 
porting for the committee, says: “It be 
comes clear that there is going to be a 
shortage of engineers for many years to 
come. At such a time, in the national in 
terest, it is of paramount importance that 
the best possible education in engineering 
be provided by our schools. Each man is 
going to be called upon to cover a greater 
range than heretofore, if the engineering 
needs are to be met. Every school should 
devote itself to ways of substantial im 
provement of its program, to the end that 
its graduates will meet the responsibilities 
being placed upon them.” 


Obsolescence of Methods 


Tracing the history of engineering edu- 
cation, the committee pointed out that 
emphasis on engineering arts rather than 
engineering science which is all too preva 
lent in the engineering colleges, results in 
rapid obsolescence of the methods and in 
formation learned whereas education 
predicated on science and the ‘engineering 
approach,”’ will sustain the engineer for his 
lifetime. Because educators should be 
preparing students for professional work 
that will reach a maximum culmination 
twenty or more years hence, courses least 
likely to obsolesce should be given. In 
this category the committee placed mathe 
matics as the outstanding example. How 
ever, all basic sciences if taught in a man 
ner such that knowledge of them makes 
available working tools will be a sustaining 
part of the curriculum. 

According to the committee the pres 
sure upon engineering schools to provide 
general education in addition to an in 
creased scientific and technical training 
brings them constantly face to face with 
the limitation in time imposed by the con- 
ventional curriculum, ‘‘Other professions 
have had to face this issue,’’ stated the 
committee. “If engineering maintains 
professional stature, it will have to organize 
accordingly.” 
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ON THESE TWO INSTALLATIONS 


the €:\@)i:> SERIES 


LEFT: The 264,000 kw 
(four units) J. Clark 
Keith Generating Station 
of The Hydro-Electric 
Power Commission of 
Ontario at Windsor, 
Canada. H. G. Acres & 
Co., Niagara Falls, 
Ontario, Consulting 
Engineers. 


RIGHT: The 400,000 kw 
(four units) Richard L. 
Hearn Generating Sta- 
tion of The Hydro-Elec- 
tric Power Commission of 
Ontario at Toronto, Can- 
ada. Stone & Webster 
Engineering Corp., Bos- 
ton, Mass., Engineers 
and Constructors. 


Here’s on-the-job proof that Aerotec Series Mechanical-Electrical Dust 
Collectors are used for continuous efficiency. Guaranteed 97.5%, at normal 
full load the overall efficiency is anticipated as high as 99% at these two 
Canadian generating stations of The Hydro-Electric Power Commission of 
Ontario. Aerotec Series Collectors serving each plant combine a design 3RAS 
Mechanical and an Electrical Precipitator. 

In the Mechanical unit, small diameter, permanent molded aluminum 
tubes provide high efficiency. Exclusive Aerotec pocket type collecting elec- 
trodes in the Electrical Precipitator reduce reentrainment of dust in the gas 
stream, contributing to a sharp improvement in stack appearance. The com- 
bined actions of these units assure maximum dust collection efficiency. 
Many Aerotec Series installations verify that fact. 

Your plant can eliminate dust nuisances with 
Aerotec equipment just as many well-known 
companies have done. This highly successful 
performance is a reliable measure of Aerotec 
ability to solve your dust collection problems. 
Write our Project Engineers today! 





Project Engineers 
THE THERMIX CORPORATION 
GREENWICH, CONNECTICUT 
( Offices in 28 Principal Cities ) 
Canadian Affiliates: T. C. CHOWN, LTD. 
Montreal 25, Quebec Toronto 3, Ontario 


THE AEROTEC CORPORATION 


GREENWICH, CONN. 




















STORE MORE COAL 





at Low Cost! 

















To store the most coal with the least 
labor, use a Sauerman Power Scraper, 
requiring only one man at the controls. 
At hundreds of plants, Sauerman 
Scrapers are storing and reclaiming 
coal for only a few cents per ton, 
utilizing all available space, piling 
higher than is otherwise possible, 
yet in compact layers with no segre- 
gation of lumps and fines—no air 
pockets to promote spontaneous com- 
bustion—avoiding the dust and dirt 
of heavier equipment. Every Sauer- 
man installation is a permanent, 
trouble-free investment that cuts coal 
storage expense. 


550°S. Clinton St., 


with a SAUERMAN 
POWER SCRAPE 


Write for 40-page Catalog D and get the complete story. 


Chicago 7, Ill. 


The Sauerman Scraper installation pictured 
above utilizes a simple monorail to shift 
the path of the scraper. Larger installa- 
tions use a self-propelled tail tower as 
sketched at left. For small stockpiles, a 
scheme of manual shifting is available. 
















Cast Your Own Refractory 


Linings and Shapes of Any Size 








MAKE THEM WITH 


MOLDIT 


REFRACTORY 
CEMENTS 


Simply mix any of the Moldit dry granular 
cements with water and pour, shovel, trowel 
or ‘‘shoot’’ into any monolithic shape of any 
size. No pounding or ramming. Easily patches 
worn or eroded refractories like new. 


There are 7 different Moldits to choose 
from, each with special advantages with 
respect to particular applications in furnace 
walls, baffles, arches, ash pits, stacks, 
breechings, door linings, etc. 

With Moldit you need no stock of special 
shapes. No worry about slow deliveries. No 
great skill to install. Any replacement or 
repair, large or small, can be cast, air cured 
and put back into service in less than 
24 hours. 

Moldit Castables are strong at high and 
low temperatures; no spalling, no shrink- 
age. They are entirely water resistant and 
may be safely sprayed or washed, Moldit 
lasts longer. 

Moldit Castables have lower conductivity 
than firebrick or fire clay linings, are 
lighter and stronger. 

Try Moldit—you'll always specify it. Ask 
for Catalog. 


REFRACTORY & INSULATION CORP. 





124 WALL STREET e 
Branches in Philadelphia, 





NEW YORK 5, 
Newark, WN. 


N. Y. 


J. Cleveland, Chicago 


Cathodic Protection of Steel 
Pipe Underground 


Underground corrosion of steel pipe has 
been estimated to cost 600 million dollars 
annually in the United States. Efforts to 
reduce this toll have been stimulated by 
defense requirements for steel and other 
metals. Workers in the field have learned 
that underground corrosion can be greatly 
reduced by cathodic protection techniques, 
in which the structure is maintained at a 
suitable negative electrical potential. 

A recent study! by W. J. Schwerdtfeger 
and O. N. McDorman of the National 
Bureau of Standards corrosion laboratory 
provides a better understanding of the 
mechanism of this important method of 
inhibiting underground corrosion. The 
study centered around laboratory deter- 
mination of the optimum potential to be 
maintained for effective protection. By 
eliminating uncertainties inherent in field 
measurements, it was possible to determine 
an optimum protective potential having a 
firm scientific basis. The value arrived at 
—minus 0.77 volt referred to a saturated 
calomel electrode—was confirmed by 
weight-loss measurements on electrodes 
maintained at the selected potential in five 
corrosive soils. 


Normal corrosion of iron and _ steel 
underground is largely an _ electrolytic 
phenomenon. When iron is exposed to 


the soil, local differences in electrical poten- 
tial develop at the surface of the metal, re- 
sulting in the formation of numerous small 
corrosion cells. This means that electric 
currents flow through the soil from certain 
areas (anodes) to areas of less negative 
potential (cathodes), with accompanying 
loss of metal from the anodes and evolu- 
tion of hydrogen at the cathodes. When 
cathodic protection is applied, direct cur- 
rent from an external source is caused to 
flow through the soil from an auxiliary 
anode toward the corroding surface. This 
applied current causes the cathode poten 
tials to approach the anode potentials, 
and thus reduces the corrosion currents. 

The question of the potential at which 
an underground structure should be main- 
tained in order to inhibit corrosion is of 
considerable interest. Insufficient poten- 
tial will give inadequate protection. On 
the other hand, maintaining a greater po- 
tential than is needed is unnecessarily 
costly, since this requires supplying a 
larger external current through the resis- 
tive earth. 

The current required to maintain a 
—0.77-volt protective potential is not uni- 
form. With most of the soils tested the 
necessary current diminished to a fairly 
stable value after about 3 weeks. 

These uncertainties were eliminated in 
the NBS laboratory in arriving at the 
value of —0.77 volt referred to a saturated 
calomel electrode. Since this value cor- 
responds approximately to —0.85 volt 
referred to the copper-copper sulfate elec- 
trode, the work confirms the practice of 
cathodic-protection engineers for the spe- 
cial condition when all IR drop is elimi- 
nated except that which is included in the 
field of the normal corrosion circuits. 


1 For further details of this work, see ‘ Poten- 
tial and Current Requirements for the Cathodic 
Protection of Steel in Soils,"’ W. J. Schwerdtfeger 
and O. N. McDorman, J. Research, NBS, 47, 
104 (1951), RP 2233. 
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New Equipment 








CO, Recorder 


Che Hays Corporation, Michigan City, 
Ind., has made available a new CQ, re- 
corder for use in large industrial power 
plants and central stations. The instru- 
ment utilizes the thermal conductivity 
principle of gas analysis and electronic- 
type operation. Gas to be analyzed flows 
through a gas passage from which a por- 
tion diffuses through a saturator into a 
measuring cell. As gas comes into the cell 
it conducts heat from the heated resistor 
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in proportion to the gas thermal conduc- 
tivity, thus changing the electrical resist- 
ance. At the same time air diffuses from 
an air chamber into a comparison cell, 
where it conducts heat away from a heated 
resistor proportional to its thermal con- 
ductivity. The change of resistance in 
the comparison cell resistor is compared 
with that of the measuring cell resistor in 
the bridge circuit of the analyzer. The 
bridge circuit is connected so that the re- 
sulting measurement is amplified, indi- 
cated and recorded. 


Self-Priming Pump 


A new line of self-priming motor pumps 
has been introduced by Ingersoll-Rand Co 
11 Broadway, New York 4, N. Y. They 
ire intended for applications under suc 
tion lift where it is impractical to use con- 





entional centrifugal pumps and.may be 
ised for mine drainage, bilge pumping, 
ump draining and irrigation service. The 
uump impeller discharges through two 
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Get Jerguson Truscale \ 
Remote Reading Gages 
For Accurate 
Liquid Level Indication 









Lee For Boilers 
of and Deaerators 











aes 


ON TRUSCALE 
JERGUS TE READING 


UQuid LEVEL GAGES 


ERGUSON Truscale Gages are virtually indispensable protection for 
boilers, deaerators, etc. A single error in reading liquid level can 
prove very expensive. The Truscale forestalls errors by bringing the 


reading down to eye level. Amazingly accurate, the Jerguson Truscale 


Gage records liquid level at remote points with accuracy of 14 of 1% 
of scale reading; has built-in adjustment for easy calibration for any 
specific gravity or W.S.P.; has standard ranges up to 100”; visible and 
audible alarm systems; illuminated dial; scale markings and pointer that 
glow in the dark; and is available with auxiliary repeaters. 


The new Jerguson catalog, profusely illustrated, tells in compact, easy-to- 
read form how Jerguson Truscale Gages operate and why they are 
the best and the most dependable for your remote reading needs. 

Send now for your copy of the new 8-page catalog that 

tells about Jerguson Truscale Gages. Write today. 


Marine Operators: Special installation procedure 
compensates for roll and pitch of your ship. 








Gages and Valves 
for the Observation 
of Liquids and Levels 


Representatives in Major Cities 
Phone Listed Under JERGUSON 


JERGUSON GAGE & VALVE COMPANY 


100 Felilsway Somerville 45, Mass. 


Evropean Mfg. Affiliate: Bailey Meters & Controls, Lid. 
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@ main boilers 
@ waste heat boilers 


@ feed water heaters 


@ flash tanks 


@ water treatment 
systems 


@ storage tanks 
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Three EYE-HYEs on panel board at The Jeffrey Mfg. Co., Columbus, O. 




















































































Accurate “liquid column”’ reading always 
visible to control station engineers 


@ There’s small chance of your operators 
overlooking boiler water gages when 
you have a panel- or wall - mounted 
EYE-HYE for each boiler. This all- 
hydrostatic remote reading gage can be 
placed at any vantage point. Its illumi- 
nated green indicating fluid “reads fast”’ 
—the customary liquid column image, 
only brighter, sharper. 


EYE-HYE is sensitive to slightest level 
changes. It’s simple, accurate, safe, sure. 
Can’t be tampered with; factory calibra- 
tion eliminates adjustments on location. 
Has no mechanical working parts. Easy 
to install, easy to maintain. You can blow 
it down at intervals, to insure clean lines. 


EYE-HYE is the original trouble-free 
gage for dependable remote water level 
supervision. Over 9000 in use. Write 
for Bulletin CO. 


THE RELIANCE GAUGE COLUMN COMPANY 
5902 Carnegie Avenue Cleveland 3, Ohio 
Representatives in all principal cities 
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passages, the upper one of which during 
priming discharges a mixture of vapor 
and liquid into the discharge chambx 

Here the vapor separates from the liquid 
and passes out the discharge pipe, while 
the remaining liquid re-enters the impeller 
through the lower passage. When thx 
suction pipe is finally filled with liquid 
and the pump is primed, flow through thy 
lower passage reverses, and both passes 
act as normal pump discharges. The 
pumps are built in sizes from '/, to 25 hp, 
with capacities up to 800 gpm and head 
up to 180 ft. 


Air Check Valve 


Pennsylvania Pump and Compressor 
Co., Easton, Pa., has developed an air 
check valve for installation on discharge 
lines of air and gas compressors. This 
valve dispenses with the customary ar 
rangement of stop, safety and globe valves 

















prevents leakage of pressure through the 
compressor during the off cycle; dampens 
pipe-line pulsations; and permits repairs 
without shutting down where more than 
one compressor is on the line. It also safe 
guards against damage due to failure to 
open a valve when starting a compressor 


Control System 


An automatic all-electronic instrumenta- 
tion and control system for use in chemical 
and food processing plants, refineries, in 
dustrial power plants and central sta 
tions is announced by The Swartwout Co., 





Y MEASURING Ay TROREC CONTROL 
CLEMENT (MEASURE = ad meanuia 
oo, a J PROP. BAND. comm UNH 
LEVEL, Flow EF EST 4 MATE) 
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11 Euclid Ave., Cleveland 12, Ohio 
Autronic Control System, as it ts 
wn, consists of three basic units: pri- 
ry sensing element, Autronic control 
it and final control element. The pri 
ry sensing element generates a voltage 
rectly proportional to any change m 
process variable. This voltage is trans 
mitted to the Autronic control unit where 
it is continuously modulated by electronic 
means. The latter unit then transmits 
the resulting direct current to the final 
control element which may be electrically 
or pneumatically operated. A _ recorder 
and a manual controller may also be in- 
cluded in the system, which is suitable for 
controlling such variables as temperature, 
pressure, level and flow. 





Constant-Support Hanger 


A new constant-support hanger, Model 
L, providing simplified field adjustment, 
increased travel range and greater load 
capacity with a smaller number of springs 


and fewer chassis sizes is now available Packaged Boilers Deserve Good Fans Too! 
oJ >. 


Sound engineering talents and careful construction go 
into the many stack supporting draft fans we have de- 
signed for the so-called “‘packaged” boilers. In some 
ways, engineering faces more difficult design problems 
because of the utmost efficiency required in a relatively 
small space. : 
| SRAM Anarerer oxs Green Stack Supporting Draft Fans are practical, too. They 


Shoamgang are readily accessible for inspection and maintenance. Shafts 
and wheels are removable endwise without disturbing the stack 
or other structural members. 

To those manufacturing “packaged boilers” or to those oper- 
ating them with fans that don’t seem to be doing the proper 
from Grinnell Co., Inc., 260 West Exchange kind of a job or where maintenance seems too high, we offer the 
St., Providence, R. I. Three refinements services of our experienced fan engineers to (1) design fans 


incorporated in this model are a structure . ; 
designed for center support which places suitable for the boiler or (2) study the problem and recom- 


equal dimensions on each side of the center mend the remedy. 
supporting line, non-resonance in the 
springing system and provision to give less 
horizontal shift of the load line as the load 
shifts from cold to hot positions 








Oil Pump 


De Laval Steam Turbine Co., Trenton 2, 
N.]., has announced a new IMO pump de 
signated as A313B and designed to handle 
oil at pressures up to 275 psig with inter- 
mittent pressures as high as 325 psig 
rhis positive-displacement pump can be 
used for capacities to 80 gpm in pumping 
light or viscous fluids in hydraulic sys 
tems, for fuel oil burners, and for lubrica- Our New Bulletin 
tion and governing systems 168 gives details of 
our Stack Support- 
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HOW LONG IS A BOILER NEW? 


Not operation alone but operating 
maintenance determines whether a 
boiler will age in weeks or months, 
or will still be giving new-metal 
performance when you can mea- 
sure its service in years. For tube 
and drum steel, there’s only one 
type of operating maintenance that’s 
on the job from the moment a boiler 
goes on the line until it comes off, 
without benefit of human or mechan- 
ical attention and subject to the 
vagaries of neither. 


APEXIOR NUMBER 1 brush-applied 
protective surfacing keeps boilers 
young because it keeps new metal 


functioning at top efficiency through- 
out steaming service — assumes 
the kind of day-in, day-out respon- 
sibility for metal upkeep that mini- 
mizes outage maintenance because 
it never allows corrosion a start or 
deposit formation a foothold. 


Thus many a boiler APEXIOR-coated 
months or even years ago is ‘’newer”’ 
in terms of steam generating poten- 
tial and metal strength than un- 
coated units in service considerably 
less time. In fact, so outstanding is 
APEXIOR’s record in maintaining 


new-metal efficiency that 24% more | 


new boilers were APEXIORized last 
year than during the year preceding. 


For keeping new boilers new — and old boilers 
newly clean — there is no substitute for internal 
protective coating — for thirty-four years syn- 
onymous with APEXIOR NUMBER 1. The facts 
behind this statement — yours for the asking — 
are well worth your thoughtful consideration. 
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New Catalogs 
and Bulletins 


Any of these may be secured by writing 
Combustion Publishing Company, 200 
Madison Avenue, New York, 16, N. Y. 








Condenser Tubing 


A new and expanded 44-page edition of 
“Anaconda Tubes and Plates for Con- 
densers and Heat Exchangers’’ has been 
made available by The American Brass Co. 
It discusses the application and installa 
| tion of and heat exchanger 
|tubes; also plates for tube sheets, heads 
and baffles. Two new subjects intro- 
|duced in this edition are ‘Operational 
| Factors Affecting Tube Life’’ and ‘‘Corro- 
| sion Factors in Condenser Tube Service.” 


condenser 


Controlled-Volume Pumps 


In a 24-page illustrated Bulletin, No 
251, issued by the Milton Roy Co., motor- 
| driven controlled-volume pumps are de- 
| scribed. These are precision pumps de- 
| signed to meter practically any liquid in 
| measured volume and serve as important 
parts of chemical feed systems. Details 
| on regulation of pump capacity by plunger 
speed and stroke adjustments are included 
along with capacity-pressure selection 
tables. 


Fusion Welding of Nickel 


Technical Bulletin T-2 is a 44-page 
booklet on the fusion welding of nickel 
and high nickel alloys published by The 
International Nickel Co., Inc. Illustrated 
| by more than 30 tables and about 50 draw- 
ings and photographs, it covers various 
forms of gas and electric arc welding 
Among the topics discussed are pickling 
testing and inspection, safety methods, 
shrinkage of welds, etching and overlays. 


Gas Scrubber 


Peabody Engineering Corp. has issued 
a six-page bulletin, 203-B, which includes 
a capacity curve sheet, cross-section dia 
gram and typical installation pictures of 
gas scrubbers for the recovery of product, 
the purification of gases and the elimi 
nation of atmospheric pollution. 


Ion-Exchange Materials 


National Aluminate Corp. has prepared 
a 28-page bulletin, No. 58, on Nalcite 
HCR, a styrene-type cation exchanger 
Physical and chemical properties are dis- 
cussed along with applications for indus 
trial softening and municipal softening 
Sufficient data are included to make the 
bulletin useful in planning and designing 
ion-exchange-type water-treating installa- 
| tions. 
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